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(57) ABSTRACT

A method for producing a lithium-containing composite
oxide represented by General Formula (1):

LixMyMe 1 —yOE +5 ( 1 )

where M represents at least one element selected from the
group consisting of N1, Co and Mn, Me represents a
metal element that 1s different from M, 0.95=x=1.10
and 0.1=y=1. A lithium compound and a compound
that contains M and Me are baked. The thus-obtained
baked product 1s washed with a washing solution that
contains one or more water-soluble polar aprotic sol-
vents such as N-methyl-2-pyrrolidone (NMP), N,N'-
dimethylimidazolidinone (DMI) and dimethylsulfoxide
(DMSO).

11 Claims, 1 Drawing Sheet
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METHOD FOR PRODUCING
LITHIUM-CONTAINING COMPOSITE OXIDE
AND NON-AQUEOUS SECONDARY BATTERY

FIELD OF THE INVENTION

The present invention relates primarily to a method for
producing a lithium-containing composite oxide for use as a
positive electrode active material for a non-aqueous second-
ary battery.

Lithium 10n batteries, which are a typical representation of
non-aqueous secondary batteries, have features such as a light
weight, high electromotive force and high energy density.
Accordingly, demand for lithium ion batteries as a power
source for driving various mobile communication devices,
such as cell phones, and various portable electronic devices,
such as digital still cameras, camcorders and notebook per-
sonal computers, 1s expanding.

A Ilithium 10n battery includes a positive electrode that
contains a lithium-containing composite oxide serving as a
positive electrode active material, a negative electrode that
contains a negative electrode active material that capable of
absorbing and desorbing lithium, a separator that separates
the positive electrode and the negative electrode from each
other, and an electrolyte. Examples of lithium-containing
composite oxides include LiN10,, L1CoO,, and so on. Among
them, a lithium-nickel-based composite oxide such as
L1N10, 1s suitable as a positive electrode active material for a
non-aqueous secondary battery because 1t has a large theo-
retical capacity and superior high temperature storage char-
acteristics.

However, the lithium-containing composite oxide pro-
duces by-products such as lithium hydroxide and lithium
carbonate during the synthesis thereof through baking. Such
by-products, when included in the battery, react with the
clectrolyte or the like, causing the deterioration of battery
characteristics. The inclusion of such by-products inside the
battery also causes a reaction between the lithium hydroxide
and the electrolyte 1n a high temperature environment as well
as oxidative decomposition of the lithium carbonate. As a
result, a gas 1s generated, which expands the battery and
deforms the electrode 1n response to the expansion of the
battery, thereby causing the deterioration of battery charac-
teristics.

Japanese Laid-Open Patent Publications Nos. 2003-
17054, H6-342657 and H10-270025 disclose techniques 1n
which a baked lithium-containing composite oxide 1s washed
with water and dried so as to remove lithtum hydroxide and
lithium carbonate. Also, Japanese Laid-Open Patent Publica-
tion No. 2001-332261 discloses water, a polar organic solvent
and an 1norganic acid as a treatment solution for washing a
lithium-containing composite oxide. As the polar organic
solvent, an alcohol having 6 or less carbon atoms, a ketone
such as acetone, and an organic acid are disclosed.

BACKGROUND OF THE INVENTION

However, with the method disclosed 1n Japanese Laid-
Open Patent Publications Nos. 2003-17054, H6-342657 and
H10-270025 1n which a baked lithium-containing composite
oxide 1s washed with water, an exchange reaction between 1™
ions and H™ ions is likely to occur between the lithium-
containing composite oxide and water. Such an exchange
reaction can also occur between water that remains before a
dehydration process performed after water-washing and the
lithium-containing composite oxide. Li™ 1ons leached into
water cause lithium hydroxide to be newly deposited. Fur-
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thermore, such lithtum hydroxide reacts with a small amount
of carbon dioxide present in the air to generate lithium car-
bonate. That 1s, lithium hydroxide and lithium carbonate are
regenerated when a lithium-containing composite oxide 1s
washed with water, and there 1s a limit to the removal of such
by-products.

A ketone, such as acetone, as disclosed 1n Japanese Laid-
Open Patent Publication No. 2001-332261 can suppress the
exchange reaction between Li" 1ions and H™ ions because it
does not have an active methylene group. However, such a
ketone as a solvent does not easily dissolve lithium hydroxide
and lithium carbonate, so there 1s a limit to 1ts washing effect
when used singly to wash a lithium-containing composite
oxide.

In view of the above problems, 1t 1s an object of the present
invention to provide a method for producing a lithium-con-
taining composite oxide wherein the inclusion of lithium
hydroxide and lithium carbonate 1s suppressed to a high
degree, and a non-aqueous secondary battery wherein the
inclusion of lithium hydroxide and lithium carbonate 1s sup-
pressed, and battery characteristics and reliability are
improved.

BRIEF SUMMARY OF THE INVENTION

A first aspect of the present invention provides a method for
producing a lithium-containing composite oxide represented
by General Formula (1):

LixMyMe 1 —yOE +O ( 1 )

where M represents at least one element selected from the
group consisting of N1, Co and Mn, Me represents a metal
clement that 1s different from M, 0 represents a deficit or
excess of oxygen, 0.95=x=1.10 and 0.1=y=1, the method

including the steps of:

baking a lithtum compound and a compound that contains
M and Me to obtain a baked product; and

washing the baked product with a washing solution that
contains one or more water-soluble polar aprotic solvents
selected from the group consisting ol water-soluble polar

aprotic solvents represented by the following General Formu-
las (2) to (8):

(2)

(3)

(4)

()

(6)
RI2—C=N
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-continued
(7)

o (8)
7O
(HC),,  (CHy),
C,)
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where R' and R* each independently represent a hydrogen
atom or an alkyl group having 1 to 3 carbon atoms, or R" and
R“ are bonded to each other and represent an alkylene group
having 3 to 6 carbon atoms that forms a ring with a nitrogen 15
atom; R represents an alkyl group having 1 to 3 carbon atoms
or a cycloalkyl group having 4 to 7 carbon atoms; R* and R’
cach independently represent a methyl group or an ethyl
group; R® and R’ each independently represent a methyl
group or an ethyl group, or R® and R’ are bonded to each other 20
and represent an alkylene group having 2 to 4 carbon atoms
that forms a ring with two nitrogen atoms and a carbonyl
carbon; R® and R” each independently represent a methyl
group or an ethyl group, or R® and R” are bonded to each other
and represent an alkylene group having 4 to 6 carbon atoms 25
that forms a ring with a sulfur element; R'® and R'' each
independently represent a hydrogen atom, a methyl group or
an ethyl group; R'® represents an alkyl group having 1 to 3
carbon atoms; R'” represents an alkylene group having 2 to 4
carbon atoms; Z represents an oxygen atom or a methylene 30
group, and m and n each independently represent an integer
from 1 to 3.

According to this method, when a baked product (that 1s, a
lithium-containing composite oxide (1)) obtained by baking a
lithium compound and a compound that contains elements 35
represented by M and Me 1s washed with a washing solution
that contains a water-soluble polar aprotic solvent repre-
sented by one of General Formulas (2) to (8), 1t 1s possible to
suppress the leaching of Li* 1ons from the lithium-containing
composite oxide (1) and the regeneration of lithium hydrox- 40
ide and lithium carbonate 1n response to such leaching, as a
result of which, 1t 1s possible to suppress the inclusion of
lithium hydroxide and lithium carbonate in the lithium-con-
taining composite oxide to a high degree.

A second aspect of the present invention provides a method 45
for producing a lithium-containing composite oxide repre-
sented by General Formula (1):

LixMyMe 1 —yOE + ( 1 )

where M represents at least one element selected from the 50
group consisting of N1, Co and Mn, Me represents a metal
clement that 1s different from M, 0 represents a deficit or
excess of oxygen, 0.95=x=1.10 and 0.1=y=1, the method
including the steps of:

baking a lithtum compound and a compound that contains 55
M and Me to obtain a baked product; and

washing the baked product with a washing solution that
contains a water-soluble polar aprotic solvent,

wherein when the washing step includes a plurality of
washing steps, where a number of repetitions of the washing 60
step 1s defined as n, where n 1s an integer equal to or greater
than 2,

the washing step includes:

a {irst washing step of washing the baked product obtained
in the baking step with a first washing solution that includes a 65
solvent mixture of water and a water-soluble polar aprotic
solvent; and

4

an nth washing step of washing the baked product that has
been washed 1n an (n-1)th washing step with an nth washing
solution that includes a solvent mixture of water and a water-
soluble polar aprotic solvent or that includes only a water-
soluble polar aprotic solvent, and the water-soluble polar
aprotic solvent content of the nth washing solution 1s higher
than the water-soluble polar aprotic solvent content of an
(n—1)th washing solution.

In this case, it 1s possible to efliciently remove the lithium
hydroxide and lithium carbonate included in the lithium-
containing composite oxide while suppressing the leaching of
L17 10ns from the lithtum-containing composite oxide, which
1s a baked product, and the regeneration of lithium hydroxide
and lithitum carbonate 1n response to such leaching.

Another aspect of the present invention provides a non-
aqueous secondary battery that includes a positive electrode
that contains a positive electrode active material, a negative
clectrode that contains a negative electrode active material, a
separator that i1s interposed between the positive electrode and
the negative eclectrode, and a non-aqueous celectrolyte,
wherein the positive electrode active material contains a
lithium-containing composite oxide produced by either of the
method for producing a lithium-containing composite oxide
according to the first aspect of the present invention or the
method for producing a lithium-containing composite oxide
according to the second aspect of the present invention.

Because the above non-aqueous secondary battery
employs a lithium-containing composite oxide produced by
the production method described above as a positive elec-
trode active maternal, 1t 15 possible to suppress the inclusion of
lithium hydroxide and lithium carbonate mside the battery to
a high degree. Thus, the above non-aqueous secondary bat-
tery has improved battery characteristics and reliability.

According to the present mnvention, it 1s possible to sup-
press the inclusion of lithtum hydroxide and lithtum carbon-
ate 1n the lithium-containing composite oxide to a high
degree. In addition, with the use of the lithium-containing
composite oxide as a positive electrode active material, 1t 1s
possible to suppress electrolyte decomposition and the gen-
eration of gas, as a result of which, 1t 1s possible to provide a
non-aqueous secondary battery with superior storage charac-
teristics and charge/discharge cycle characteristics.

While the novel features of the invention are set forth
particularly in the appended claims, the 1nvention, both as to
organization and content, will be better understood and
appreciated, along with other objects and features thereof,
from the following detailed description taken 1n conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a partially cutaway perspective view of a non-
aqueous secondary battery according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A production method of a lithium-contaiming composite
oxide according to an embodiment of the present invention 1s
a production method of a lithium-containing composite oxide
represented by General Formula (1):

LixMyMe 1 —yOE +0 ( 1 )

where M, Me, x, v and 0 are the same as above.

It 1s preferable that the lithium-containing composite oxide
(1) 1s a Iithium-mickel-based composite oxide that contains
nickel as an element represented by M. In a lithium-nickel-
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based composite oxide, an exchange reaction between Li™
ions and H™* 1ons occurs particularly easily when washed with
water. Since such a lithium-nickel-based composite oxide
casily produces lithium hydroxide and lithium carbonate, the
application of the method for producing a lithtum-containing
composite oxide of the present embodiment 1s very effective.

Examples of the metal element represented by Me (except

tor N1, Co and Mn) include elements that belong to Group I to
Group XIV 1n the periodic table (IUPAC, 1989) except for N,

Co and Mn. Among them, Al, Cr, Fe, Mg and Zn are prefer-

able, and Mg and Al are particularly preferable.

There 1s no particular limitation on the deficit or excess of
oxygen represented by 0, but it 1s usually £5% of a stoichio-
metric composition, and preferably £1%.

A specific example of a lithium-containing composite
oxide (1) that contains N1, Co and Al as M and Me includes a
lithium-nickel-based composite oxide represented by For-

mula (1-1).

LiNig gCog 15Al5 0505

(1-1)

Specific examples of a lithtum-containing composite oxide
(1) that contains N1, Co and Mn as M and Me include lithium-
nickel-based composite oxides represented by Formulas
(1-2) and (1-3).

LiNig 5sCog-,Mng 50, (1-2)

LiN1,,3Co;3Mn, 505 (1-3)

The lithtum-containing composite oxide (1) 1s not limited
to such lithium-nickel-based composite oxides. Other spe-
cific examples include lithtum-containing composite oxides
represented by Formulas (1-4) to (1-6), and so on.

1iMn,O, (1-4)

LiCoO, (1-5)

LiCog 9sMgp 0205 (1-6)

According to a method for producing a lithium-containing
composite oxide (1), first, a compound that contains elements
represented by M and Me and a lithium compound are baked
in a baking step.

Examples of the lithium compound include lithium
hydroxide, lithium carbonate, lithium nitrate, lithium perox-
ide, and so on. Lithium hydroxide or lithium carbonate 1s
suitable for the production of a lithium-nickel-based compos-
ite oxade.

The compound that contains M and Me can be a hydroxide,
oxide, carbonate, oxalate or the like that contains one or more
clements such as Ni, Co, Mn, Al, Cr, Fe, Mg and Zn. A
compound that contains two or more kinds of M and Me can
be obtained by, for example, a method (precipitation method)
in which two or more sulfates containing M and Me are
blended, such that M and Me are different from each other, to
prepare a saturated aqueous solution, the saturated aqueous
solution 1s neutralized, and a hydroxide containing two or
more kinds of M and Me 1s precipitated. The thus-obtained
hydroxide 1s heated 1n the air or 1n an oxygen atmosphere to
oxidize the hydroxide, whereby an oxide contaiming two or
more kinds of M and Me can be obtained.

The compound that contains N1, Co and Al and 1s repre-
sented by Formula (1-1) can be a hydroxide obtained by
neutralizing a saturated aqueous solution that contains nickel
sulfate, cobalt sulfate and aluminum sulfate to precipitate, or
an oxide obtained by heating the hydroxide in the air or 1n an
oxygen atmosphere to oxidize the hydroxide. The compound
that contains N1, Co and Mn and 1s represented by Formula
(1-2) or (1-3) can be a hydroxide obtained by neutralizing a
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saturated aqueous solution that contains nickel sulfate, cobalt
sulfate and manganese sulfate to precipitate (precipitation
method), or an oxide obtained by heating the hydroxide 1n the
alr or 1n an oxygen atmosphere to oxidize the hydroxide.

There 1s no particular limitation on the conditions for bak-
ing a lithtum compound and a compound that contains M and
Me, and any known baking conditions can be employed. The
baking of a lithium compound and a compound that contains
M and Me may be multi-stage baking. The baking tempera-
ture 1s set to, for example, approximately 650 to 900° C.

The atmosphere for baking can be an air atmosphere, an
oxygen atmosphere or the like. Particularly when synthesiz-
ing a lithrum-nickel-based composite oxide that has a high
nickel content, it 1s preferable to increase the oxygen partial
pressure 1n the baking atmosphere. Also, when synthesizing a
lithium-nickel-based composite oxide that has a high nickel
content, it 1s preferable that the baking atmosphere does not
substantially contain carbon dioxide. The baking atmosphere
preferably has a dew point of =20° C. or less.

In the method for producing a lithium-containing compos-
ite oxide of the present embodiment, a lithium-containing
composite oxide obtained 1n the above baking step 1s washed
in the following washing step (1) (a first method for producing
a lithium-containing composite oxide) or by repeating the
following washing step (II) a plurality of times (a second
method for producing a lithtum-containing composite oxide).

(I) The lithium-containing composite oxide 1s washed with
a washing solution that contains one or more water-soluble
polar aprotic solvents selected from the group consisting of
N-substituted amides (2), N-substituted ureas (3), sulfoxides
(4), suliolanes (35), nitriles (6), carbonic acid esters (7) and
cyclic ethers (8).

(II) The lithium-containing composite oxide 1s washed
with a washing solution that contains a water-soluble polar
aprotic solvent. In the washing step (II) shown here, the
number of repetitions of the washing step 1s n (n 1s an integer
equal to or greater than 2, the same applies hereinaiter). In a
first washing step, the lithium-containing composite oxide 1s
washed using a first washing solution composed of a solvent
mixture of water and a water-soluble polar aprotic solvent.
Then, 1n an nth washing step, the baked product that has been
washed 1n an (n-1)th washing step 1s washed using a washing
solution (nth washing solution) that 1s composed of a solvent
mixture of water and a water-soluble polar aprotic solvent or
composed only of a water-soluble polar aprotic solvent and
that has a higher water-soluble polar aprotic solvent content
than that of the (n—1)th washing solution.

Hereinaiter, a washing step of the first method for produc-
ing a lithium-containing composite oxide will be described.
The washing step of the first method for producing a lithtum-
containing composite oxide employs a washing solution that
contains one or more water-soluble polar aprotic solvents
represented by General Formulas (2) to (8).

R' and R* of the N-substituted amide (2) each indepen-
dently represent a hydrogen atom or an alkyl group having 1
to 3 carbon atoms, or R' and R* are bonded to each other and
represent an alkylene group having 3 to 6 carbon atoms that
forms aring with anitrogen atom. When R and R” are bonded
to each other, the N-substituted amide (2) 1s an N-substituted
cyclic amide. Examples of the alkyl group having 1 to 3
carbon atoms include methyl, ethyl, n-propyl and 1sopropyl.
Examples of the alkylene group having 3 to 6 carbon atoms
include trimethylene, propylene, triethylene, butylene, tet-
ramethylene, pentamethylene, hexamethylene, and so on. R
and R~ preferably represent a hydrogen atom, a methyl group
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or an ethyl group when they are independent of each other,
and R' and R are preferably trimethylene when they are
bonded to each other.

R> of the N-substituted amide (2) represents an alkyl group
having 1 to 3 carbon atoms or a cycloalkyl group having 4 to
7 carbon atoms. Examples of the alkyl group having 1 to 3
carbon atoms include those listed for R' and R* and, among
them, a methyl 1s preferable. Examples of the cycloalkyl
group having 4 to 7 carbon atoms 1nclude cyclopentyl, cyclo-
hexyl, and so on. Among them, a cyclohexyl 1s preferable.

Specific examples of the N-substituted amide (2) include
N-methyl formamide, N-methyl acetamide, N-methyl propi-
onamide, N,N-dimethyl formamide, N,N-diethyl formamaide,
N,N-dimethyl acetamide, N-methyl-2-pyrrolidone, N-cyclo-
hexyl pyrrolidone, N-methyl caprolactam, and so on.

In the N-substituted urea (3), R* and R> each independently
represent a methyl group or an ethyl group, and preferably a
methyl. R® and R’ each independently represent a methyl
group or an ethyl group, or R® and R’ are bonded to each other
and represent an alkylene group having 2 to 4 carbon atoms
that forms a ring with two nitrogen atoms and a carbonyl
carbon, and the latter alkylene group having 2 to 4 carbon
atoms 1s particularly preferable. Examples of the alkylene
group having 2 to 4 carbon atoms include ethylene, trimeth-
ylene, propylene, tetramethylene, and so on. When R® and R’
are bonded to each other, the N-substituted urea (3) represents
an N-substituted cyclic urea. R® and R’ preferably represent a
methyl when they are independent of each other, and R° and
R’ are preferably an ethylene or trimethylene when they are
bonded to each other.

Specific examples of the N-substituted urea (3) include
N,N,N'",N'-tetramethyl urea, N,N'-dimethylimidazolidinone
(N,N'-dimethyl ethylene urea), N,N'-dimethyl propylene
urea, and so on.

In the sulfoxide (4), R® and R” each independently repre-
sent a methyl group or an ethyl group, or R® and R” are bonded
to each other and represent an alkylene group having 4 to 6
carbon atoms that forms a ring with a sulfur element, and 1t 1s
particularly preferable that R® and R” each independently
represent a methyl group or an ethyl group. Examples of the
alkylene group having 4 to 6 carbon atoms 1nclude tetrameth-
ylene, pentamethylene, hexamethylene, and so on. When R®
and R” are bonded to each other, the sulfoxide (4) represents
a cyclic sulfoxide. R® and R’ preferably represent a methyl
when they are independent of each other, and R® and R’
preferably represent a tetramethylene when they are bonded
to each other.

Specific examples of the sulfoxide (4) include dimethyl-
sulfoxide, tetramethylene sulfoxide, and so on.

R'®and R'" of the sulfolane (5) each independently repre-
sent a hydrogen atom, a methyl group or an ethyl group.
Among them, it is particularly preferable that R'® and R''
cach represent a hydrogen atom. Specific examples of the
sulfolane (5) include suliolane (tetramethylene sulfone),
dimethylsulfolane, and so on.

R'* of the nitrile (6) represents an alkyl group having 1 to
3 carbon atoms. Examples of the alkyl group having 1 to 3
carbon atoms include those listed for R* and R and, among
them, a methyl 1s preferable. Specific examples of the nitrile
(6) include acetonitrile, propionomnitrile, and so on.

R'? of the carbonic acid ester (7) represents an alkylene
group having 2 to 4 carbon atoms. Examples of the alkylene
group having 2 to 4 carbon atoms include those listed for R°
and R’ and, among them, a propylene group (—CH,(CH,)
CH.,—) 1s preferable. Specific examples of the carbonic acid
ester (7) mclude propylene carbonate, ethylene carbonate,
and so on.
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In the cyclic ether (8), m and n each independently repre-
sent an 1nteger from 1 to 3. Z represents an oxygen atom or
methylene, and it 1s particularly preferable that Z represents
an oxygen atom. When Z 1s an oxygen atom, the cyclic ether
(8) represents a cyclic diether. When Z 1s methylene, the
cyclic ether (8) represents a cyclic monoether. Specific
examples of the cyclic ether (8) include dioxane (1,4-, 1,2- or
1,3-dioxane), and so on.

In the first method for producing a lithtum-containing com-
posite oxide, it 1s preferable that the washing solution 1s
composed only of one or more water-soluble polar aprotic
solvents represented by General Formulas (2) to (8), or com-
posed of a solvent mixture of water and a water-soluble polar
aprotic solvent described above.

It 1s pretferable that the water-soluble polar aprotic solvent
contained 1n the washing solution 1s N-methyl-2-pyrrolidone,
N-methyl formamide, N-methyl acetamide, N-methyl propi-
onamide, N,N-dimethyl formamide, N-cyclohexyl pyrroli-
done, N,N'-dimethylimidazolidinone, N,N'-dimethyl propy-
lene urea, dimethyl sulfoxide, sulfolane, acetonitrile,
propylene carbonate or dioxane.

In the first method for producing a lithtum-containing com-
posite oxide, the lithium-containing composite oxide sub-
jected to the washing step preferably has an average particle
s1ze of, but 1s not particularly limited to, 1 to 30 um, and more
preferably 10 to 30 um.

The average particle size of the lithium-containing com-
posite oxide can be measured by a wet-type laser particle size
distribution analyzer available from Microtrack Inc., or the
like. In this case, a particle size at 50% accumulation 1n a
particle size distribution based on volume (median value:
D.,) can be regarded as the average particle size.

In the first method for producing a lithtum-containing com-
posite oxide, the washing step 1s performed after a lithtum-
containing composite oxide obtained in the baking step has
been pulverized so as to have an average particle size within
the above range.

The washing step 1s carried out:

(a) once using a washing solution composed only of one or
more water-soluble polar aprotic solvents represented by
General Formulas (2) to (8);

(b) once using a washing solution composed of a solvent
mixture of water and one or more water-soluble polar aprotic
solvents represented by General Formulas (2) to (8); or

(¢) twice or more using different washing solutions
selected from a washing solution composed of a solvent mix-
ture of water and one or more water-soluble polar aprotic
solvents represented by General Formulas (2) to (8) and a
washing solution composed only of one or more water-
soluble polar aprotic solvents represented by General Formu-
las (2) to (8), 1n each washing step.

It1s preferable that the first method for producing a lithium-
containing composite oxide further includes a water-washing
step of washing the baked product with water before the
washing step. In this case, the process of removing lithium
hydroxide and lithium carbonate from the lithtum-containing
composite oxide which 1s a baked product can be performed
more eificiently.

The method for washing a lithium-contaiming composite
oxide 1n the washing step and the water-washing step may be
either an operation (flow-type operation, continuous opera-
tion) 1n which a washing solution 1s allowed to tflow through
a pulverized lithium-containing composite oxide, or an
operation (batch-type operation, lot operation) 1n which a
pulverized lithium-containing composite oxide 1s housed in a
container and a washing solution 1s introduced and stirred.
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When the washing step and the water-washing step are
performed by the flow-type operation, a lithium-containing,
composite oxide 1s placed on filter paper, and a washing
solution 1s poured onto the lithium-containing composite
oxide from above.

When the washing step and the water-washing step are
performed by the batch-type operation, 1t 1s only necessary to
stir the lithtum-containing composite oxide such that it does
not precipitate in the washing solution. For this reason, a
wet-type mixing mill, dispersion mill or the like can be used
as a container for stirring a lithium-containing composite
oxide.

In this case, the time for which the lithium-containing
composite oxide and the washing solution are stirred may be
from approximately several minutes to several hours, and
preferably, 5 minutes to 12 hours.

In the washing step and the water-washing step, there 1s no
particular limitation on the temperature of the washing solu-
tion, and 1t can be set as appropriate within a range equal to or
less than the boiling point of the washing solution.

In the case of (b), the ratio of one or more water-soluble
polar aprotic solvents represented by General Formulas (2) to
(8) to the total amount of the washing solution 1s set as
appropriate according to the combination of solvents, but the
ratio 1s preferably 50 to 99.9 wt %.

In the case of (¢), 1t 1s preferable to use a washing solution
(first washing solution) composed of a solvent mixture of
water and a water-soluble polar aprotic solvent described
above 1n the first washing step, and use a washing solution
(nth washing solution) composed of a solvent mixture of
water and a water-soluble polar aprotic solvent described
above or composed only of a water-soluble polar aprotic
solvent described above 1n the second or subsequent (nth)
step.

Furthermore, 1n the second or subsequent washing step
(nth washing step), 1t 1s preferable that the water-soluble polar
aprotic solvent content of the nth washing solution 1s set
higher than that of the (n—1)th washing solution used 1n the
previous washing step ((n—1)th washing step).

In this manner, the water content of the washing solution 1s
set high 1n an mitial stage 1n which the number of repetition of
washing step 1s small, and the water-soluble polar aprotic
solvent content of the washing solution 1s set higher as the
number of repetitions of the washing step increases, whereby,
in the mitial stage of the washing process, the speed at which
lithium hydroxide and lithtum carbonate dissolve into the
washing solution can be increased, achieving a reduction in
the required amount of washing solution and a reduction in
the washing time. That 1s, the efliciency of removing by-
products, namely, lithium hydroxide and lithium carbonate,
produced 1n the baking step can be improved. Moreover, 1t 1s
possible to reduce the amount of water that remains 1n the
lithium-containing composite oxide while maintaining a cer-
tain washing effect as the number of repetitions of the wash-
ing step increases, as a result of which, the regeneration of
by-products can be suppressed even more reliably.

In the case of performing the washing step twice or more,
the water-soluble polar aprotic solvent content of the total of
the first washing solution 1s set as approprate according to the
combination of solvents used, but the water-soluble polar
aprotic solvent content 1s preferably 20 wt % or more, and
more preferably 20 to 95 wt %.

Also, the water-soluble polar aprotic solvent content of the
total amount of the washing solution (nth washing solution)
used in the final washing step 1s set as appropriate according,
to the combination of solvents used, but the water-soluble
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polar aprotic solvent content 1s preferably 80 wt % or more,
and more preferably 95 wt % or more.

The water-soluble polar aprotic solvent content of a wash-
ing solution can be set as appropriate by comparing and
considering the dissolution speed of lithium hydroxide and
lithium carbonate 1into the washing solution (the efficiency of
removing such by-products) and the amount of by-products
regenerated 1 the washing step, or by considering the amount
of water that remains 1n the baked product (lithium-contain-
ing composite oxide) after the washing step.

In the first method for producing a lithtum-containing com-
posite oxide, 1t 1s preferable that the compound that contains
M and Me 1s a compound containing nickel. In this case, it 1s
possible to produce a lithtum-nickel-based composite oxide
that has a large theoretical capacity as a positive electrode
active material and has superior high temperature storage
characteristics.

Furthermore, 1n the above case,

(1) 1t1s preferable that the compound containing nickel 1s an
oxide or hydroxide containing nickel, and

(1) 1t 1s preferable that the lithtum compound i1s lithtum
hydroxide or lithium carbonate.

Both (1) and (11) are particularly preferable when producing,
a lithrum-nickel-based composite oxide.

In the first method for producing a lithtum-containing com-
posite oxide, when the washing step 1s repeated a plurality of
times, 1t 1s preferable that the washing step, where the number
ol repetitions of the washing step 1s defined as n, includes:

a first washing step of washing a baked product obtained 1n
the baking step with a first washing solution composed of a
solvent mixture of water and a water-soluble polar aprotic
solvent selected from the above-described group; and

an nth washing step of washing the baked product that has
been washed 1n an (n-1)th washing step with an nth washing
solution composed of a solvent mixture of water and a water-
soluble polar aprotic solvent selected from the above-de-
scribed group or composed only of a water-soluble polar
aprotic solvent selected from the above-described group, and
that the water-soluble polar aprotic solvent content of the nth
washing solution 1s higher than that of the (n-1)th washing
solution.

In this case, 1t 1s possible to efficiently remove lithium
hydroxide and lithium carbonate included in the lithium-
containing composite oxide while suppressing the leaching of
L.17 10ons from the lithtum-containing composite oxide, which
1s a baked product, as well as the regeneration of lithium
hydroxide and lithtum carbonate in response to such leaching.

Next, a washing step of the second method for producing a
lithium-containing composite oxide will be described.

In the washing step of the second method for producing a
lithium-containing composite oxide, a washing solution that
contains a water-soluble polar aprotic solvent 1s used.

Examples of the water-soluble polar aprotic solvent
include water-soluble polar aprotic solvents represented by
General Formulas (2) to (8), pyridines such as pyridine and
picoline (2-, 3- or 4-methylpyridine), phosphoric acid amides
such as hexamethylphosphoric triamide, ketones such as
acetone and methylethylketone, and so on.

In the second method for producing a lithium-containing
composite oxide, there 1s no particular limitation on the aver-
age particle size of the lithium-containing composite oxide
subjected to the washing step, and the average particle size
can be selected as appropriate within the same range as in the
case of the first method for producing a lithium-containing
composite oxide.

In the second method for producing a lithium-containing,
composite oxide, the washing step 1s performed after a
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lithium-containing composite oxide obtained in the baking
step has been pulverized so as to have an average particle size
within the above range.

The second method for producing a lithtum-containing,
composite oxide includes a plurality of washing steps, and the 5
washing steps are performed by using different washing solu-
tions selected from a washing solution composed of a solvent
mixture of water and a water-soluble polar aprotic solvent and
a washing solution composed only of a water-soluble polar
aprotic solvent as washing solutions in the respective washing 10
steps.

Furthermore, 1t 1s possible to perform a water-washing step
of washing a pulverized product of the lithium-containing
composite oxide obtained 1n the above baking step with water
before the first washing step. 15

The method for washing a lithium-containing composite
oxide 1in the washing step and the water-washing step may be
cither an operation (flow-type operation, continuous opera-
tion) 1n which a washing solution 1s allowed to flow through
a pulverized lithium-containing composite oxide, or an 20
operation (batch-type operation, lot operation) 1n which a
pulverized lithtum-containing composite oxide 1s housed 1n a
container and a washing solution 1s introduced and stirred.

A specific operation method and stirring time can be set 1n
the same manner as the operation method and stirring time 25
described 1n the first method for producing a lithium-contain-
ing composite oxide.

In addition, the water-soluble polar aprotic solvent content
of the total amount of the washing solution 1s set as appropri-
ate according to the combination of solvents used, but the 30
water-soluble polar aprotic solvent content 1s preferably 50 to
99.9 wt %.

It 1s preferable to use a washing solution (first washing
solution) composed of a solvent mixture of water and a water-
soluble polar aprotic solvent 1n the first washing step and use 35
a washing solution (nth washing solution) composed of a
solvent mixture of water and a water-soluble polar aprotic
solvent or composed only of a water-soluble polar aprotic
solvent 1n the second or subsequent (nth) washing step.

Furthermore, 1n the second or subsequent washing step 40
(nth washing step), 1t 1s preferable that the water-soluble polar
aprotic solvent content of the nth washing solution 1s set
higher than the water-soluble polar aprotic solvent content of
the (n-1)th washing solution used in the previous washing
step ((n-1)th washing step). 45

The effect obtained when the water content of the washing
solution 1s set high 1n an 1mitial stage 1n which the number of
repetitions ol the washing step 1s small, and the water-soluble
polar aprotic solvent content of the washing solution 1s set
higher as the number of repetitions of the washing step 50
increases as described above 1s the same as that in the case of
the first method for producing a lithium-containing compos-
ite oxide.

The water-soluble polar aprotic solvent content of the total
amount of the first washing solution 1s set as appropriate 55
according to the combination of the solvents used, but the
water-soluble polar aprotic solvent content 1s preferably 20
wt % or more, and more preferably 20 to 95 wt %.

Also, the water-soluble polar aprotic solvent content of the
total amount of the washing solution (nth washing solution) 60
used in the final washing step 1s set as appropriate according,
to the combination of solvents used, but the water-soluble
polar aprotic solvent content 1s preferably 80 wt % or more,
and more preferably 95 wt % or more.

The water-soluble polar aprotic solvent content of a wash- 65
ing solution can be set as appropriate by comparing and
considering the dissolution speed of lithium hydroxide and
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lithium carbonate into the washing solution (the etficiency of
removing such by-products) and the amount of by-products
regenerated 1n the washing step, or by considering the amount
of water that remains 1n the baked product (lithium-contain-
ing composite oxide) after the washing step.

In either of the first method for producing a lithtum-con-
taining composite oxide and the second method for producing
a lithtum-containing composite oxide, the washing solution is
removed from the baked product (lithium-containing com-
posite oxide) by means of filtration, filter pressing, decanta-
tion or the like after completion of the washing step and the
water-washing step. After that, a drying process such as heat
drying or drying under a reduced pressure 1s performed where
necessary. In this manner, the washing solution 1s separated
from the lithium-containing composite oxide.

Adjustment 1s made such that, in the lithium-containing
composite oxide from which the washing solution has been
removed and that has been subjected to a drying process
where necessary, the remaining amount of washing solution
becomes preferably 600 ppm or less, and more preferably 300
ppm or less, whereby it 1s possible to suppress the occurrence
of L1" ion leaching between the lithium-containing composite
oxide and residual water 1n the lithium-containing composite
oxide.

The amount of washing solution remaining 1n the lithium-
containing composite oxide can be calculated by extracting
the washing solution with the use of an extraction liquid that
has a high aifinity for the washing solution and 1s capable of
separating the washing solution and the lithium-containing
composite oxide, and measuring the washing solution content
of the extraction liquid by gas chromatography, liquid chro-
matography or the like. The extraction liquid can be selected
as appropriate from various organic solvents.

In the case where the lithium-contaiming composite oxide
1s used as a coating material to produce a positive electrode
and the solvent used 1n the coating material and the solvent
used 1n the washing solution are the same type of solvent, the
drying process aiter a washing step can be omitted.

In the method for producing a lithium-containing compos-
ite oxide, a water-soluble polar aprotic solvent 1s used in the
washing step of washing the baked product, so 1t 1s possible to
eiliciently remove the by-products produced during baking,
namely, lithium hydroxide and lithium carbonate, to a high
degree while suppressing the leaching of Li™ ions into the
washing solution by proton exchange.

Thus, the method for producing a lithium-containing com-
posite oxide 1s suitable as a method for producing a high
quality lithium-containing composite oxide.

The lithtum-containing composite oxide produced by the
above production method 1s suitable as a positive electrode
active material for a non-aqueous secondary battery. In par-
ticular, because the by-products such as lithium hydroxide
and lithtum carbonate have been removed to a high degree,
disadvantages such as gas generation during use of the battery
and an increase 1n the internal pressure can be suppressed, and
the rehability of the non-aqueous secondary battery can be
improved. Moreover, the battery’s cycle characteristics can
be improved especially 1n a high temperature region.

A non-aqueous secondary battery of the present embodi-
ment contains a lithium-containing composite oxide pro-
duced by the above production method as a positive electrode
active material.

FIG. 1 1s a partially cutaway perspective view of a non-
aqueous secondary battery according to the present embodi-
ment.

Referring to FIG. 1, the non-aqueous secondary battery
includes an electrode group 1 formed by spirally winding a
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positive electrode, a negative electrode and a separator that
separates the positive electrode and the negative electrode
from each other. The electrode group 1 1s housed, together
with a non-aqueous electrolyte, 1in a battery case 2. To one end
in a direction perpendicular to the spirally winding direction
(longitudinal direction) of the electrode group 1, a positive
clectrode lead 3 that 1s connected to the positive electrode and
a negative electrode lead 4 that 1s connected to the negative
clectrode are provided.

The positive electrode lead 3 1s connected to a sealing plate
5 for sealing the battery case 2 on the opening end side of the
battery case 2. The sealing plate 5 also serves as a positive
electrode-side external connection terminal. Likewise, the
negative electrode lead 4 1s connected to a negative electrode-
side external connection terminal 6 on the opening end side of
the battery case 2.

Inside the battery case 2, an isulating plate 7 for separat-
ing the electrode group 1 and the sealing plate 5 and separat-
ing the positive electrode lead 3 and the negative electrode
lead 4 1s disposed. The negative electrode-side external con-
nection terminal 6 1s disposed inside a through hole that 1s
provided 1n the sealing plate 5 that serves as a positive elec-
trode-side external connection terminal, and the sealing plate
5 and the negative electrode-side external connection termi-
nal 6 are separated by an 1nsulating packing 8. The sealing
plate 5 1s further provided with an inlet through which a
non-aqueous electrolyte 1s injected, a sealant 9 for closing the
injection inlet, and a battery satfety valve 10.

The positive electrode includes a positive electrode current
collector and a positive electrode material mixture layer
formed on the positive electrode current collector. The nega-
tive electrode includes a negative electrode current collector
and a negative electrode material mixture layer formed on the
negative electrode current collector.

The positive electrode current collector can be any current
collector. A current collector formed of aluminum, an alumi-
num alloy or the like 1s suitable, but the current collector 1s not
limited thereto. The positive electrode current collector has a
thickness of, for example, 5 to 100 um.

The positive electrode material mixture layer contains a
lithium-containing composite oxide as a positive electrode
active material, and optionally a positive electrode conduc-
tive material and a positive electrode binder.

Examples of the conductive matenal include various con-
ductive materials, such as graphites such as natural graphite
and artificial graphite; carbon blacks such as acetylene black;
and conductive fibers such as carbon fiber and metal fiber.

The amount of positive electrode conductive material con-
tained 1n the positive electrode material mixture layer 1s pred-
erably 50 parts by weight or less with respect to 100 parts by
weight of the positive electrode active material, and more
preferably, 30 parts by weight or less. In the case of using a
graphite or carbon black as a positive electrode conductive
materal, 1t 1s preferable that the amount of positive electrode
conductive material contained 1n the positive electrode mate-
rial mixture layer 1s 10 parts by weight or less with respect to
100 parts by weight of the positive electrode active material.

As the positive electrode binder, any known binder can be
used, such as polyvinylidene fluoride, polytetratfluoroethyl-
ene, styrene butadiene rubber or carboxymethyl cellulose.

When a liquid component used to dissolve and disperse the
positive electrode binder 1n the production of a positive elec-
trode material mixture layer and a washing solution used in
the washing step in the production of a lithium-contaiming,
composite oxide are the same component, a solventremoving
process, such as drying, that i1s performed after the washing
step may be omitted. Accordingly, 1t 1s possible to simplily
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the production process for a lithium-containing composite
oxide and reduce production costs. Because N-methyl-2-pyr-
rolidone (NMP) 1s used as a liquid component for dissolving
a positive electrode binder such as polyvinylidene fluoride, by
using NMP as a washing solution for washing the positive
clectrode active material, 1t 1s possible to simplify the solvent
removing process after the washing step.

As the negative electrode current collector, any current
collector can be used. For example, a metal fo1l made of a
metal such as stainless steel, nickel, copper or titanium; a thin
film made of carbon, a conductive resin or the like: or the like
can be used, but the current collector 1s not limited thereto. A
surface treatment may be performed on such a negative elec-
trode current collector by using carbon, nickel, titanium or the
like.

The negative electrode current collector has a thickness of,
for example, 5 to 100 um.

The negative electrode material mixture layer contains a
negative electrode active material that capable of absorbing,
and desorbing lithium 10ns and a negative electrode binder.
The negative electrode material mixture layer may optionally
contain a negative electrode conductive materal.

As the negative electrode active material, any negative
clectrode active material can be used. For example, a carbon
material such as graphite or amorphous carbon; a single sub-
stance, alloy or composite material of silicon or tin can be
used, but the negative electrode active material 1s not limited
thereto.

As the negative electrode conductive material and the
negative electrode binder, any of those listed for the positive
clectrode conductive material and the positive electrode
binder can be used.

As the separator, a microporous thin film, woven fabric or
non-woven fabric that has a high ion permeability, a pre-
scribed mechanical strength and an 1insulating property can be
used. Among them, in terms of improving the reliability of a
non-aqueous secondary battery such as a lithium 1on battery,
it 1s suitable to use a microporous film that 1s made of a
polyolefin, such as polypropylene or polyethylene, and that
has superior durability and a shut-down function.

The separator typically has a thickness of 10 um or more
and 300 um or less, and preferably, 10 um or more and 40 um
or less.

The non-aqueous electrolyte contains a lithium salt and a
non-aqueous solvent.

Examples of the non-aqueous solvent include aprotic
organic solvents, such as carbonic acid esters such as ethylene
carbonate, propylene carbonate, dimethyl carbonate and
cthyl methyl carbonate; ethers such as tetrahydrofuran and
1,3-dioxolane; and carboxylic acid esters such as y-butyro-
lactone. Such non-aqueous solvents may be used singly or 1n
a combination of two or more.

As the lithium salt, any lithium salt, such as lithium
hexatluorophosphate (LL1PF ), can be used.

In order to obtain a non-aqueous secondary battery
described above, first, a positive electrode and a negative
clectrode are spirally wound with a separator for separating
the electrodes therebetween to form a spirally wound elec-
trode group 1. Then, the electrode group 1 1s housed 1n a
battery case 2 such that a positive electrode lead 3 and a
negative electrode lead 4 each extend toward the opening side
of the battery case 2, and the opening of the battery case 2 1s
sealed with an 1nsulating plate 7 and a sealing plate 5. After
that, a non-aqueous ¢lectrolyte 1s injected from an injection
inlet formed 1n the sealing plate 5, and the injection nlet 1s
then sealed with a sealant 9. In this manner, a non-aqueous
secondary battery 1s obtained.
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Thus far, an example in which the present invention 1s
applied to a spirally wound prismatic non-aqueous secondary

battery has been described, but the shape of the non-aqueous
secondary battery 1s not limited thereto. It 1s possible to select
any shape as appropriate according to the application of the
non-aqueous secondary battery from a coimn type, a cylindrical
type, a sheet type, a button type, a flat type, a laminate type
and so on. In addition, the present invention 1s not limited to
a non-aqueous secondary battery for a compact device, and 1s
also applicable as a large-format secondary battery with a
large capacity, such as a power source for an electric vehicle
and a power source for power storage.

Because the non-aqueous secondary battery described
above i1ncludes a lithium-containing composite oxide
obtained by the production method of the present invention as
a positive electrode active material, the battery can exhibit
superior battery characteristics, especially, superior cycle
characteristics 1in a high temperature region depending on the
combination with various battery materials. Moreover,
because the generation of a gas from the positive electrode
active material 1s suppressed, a high degree of reliability 1s
obtained.

Thus, the non-aqueous secondary battery of the present
invention 1s suitable as a non-aqueous secondary battery, such
as a lithrum 1on battery or polymer electrolyte secondary
battery and, especially, 1t 1s suitable as a lithium 10n battery.

The present invention 1s very useful 1n the field of non-
aqueous electrolyte secondary batteries such as lithium 10n
batteries.

EXAMPLES

Example 1

(1) Production of Lithium-Containing Composite
Oxide

A saturated aqueous solution was prepared by adding
cobalt sulfate and aluminum sulfate to an aqueous solution of
nickel sulfate. The ratio of nickel, cobalt and aluminum con-
tained 1n the saturated aqueous solution, when expressed in
moles of the elements, was adjusted to 80:15:5. Subsequently,
sodium hydroxide was added to the saturated aqueous solu-
tion to neutralize the solution, thereby generating an
N1, 1,Co, Al s(OH), precipitate as a ternary hydroxide.
The obtained precipitation product was filtered, washed with
water, and then dried at 80° C.

Next, the ternary hydroxide was heated at 600° C. 1n the air
tor 10 hours to obtain N1, ,,Co, ,sAl, 5O as a ternary oxide.
Furthermore, lithium hydroxide monohydrate was added to
the ternary oxide, and 1t was baked at 800° C. 1n an oxygen
flow for 10 hours so as to obtain a lithium-containing com-
posite oxide (LiN1, 5,Co, Al 0sO,) as a baked product.
The obtained lithium-containing composite oxide included
lithium hydroxide and lithium carbonate. The obtained
lithium-containing composite oxide was then pulverized and
adjusted so as to have an average particle size (median value
D, based on volume, the same applies hereinafter) of 20 um.

Next, 100 g of the obtained lithium-containing composite
oxide powder and 1000 ml of N-methyl-2-pyrrolidone
(NMP) as a washing solution were stirred 1n a stirrer for one
hour.

After stirring, the washing solution was removed through
filtration, adjustment was made such that the solids content
was 98 wt % or more, and then the washing solution was
turther removed by drying under a reduced pressure. Drying
under a reduced pressure was performed to the degree that the
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amount of washing solution (NMP) remaining in the lithium-
containing composite oxide was 300 ppm or less. The amount
of washing solution remaining in the lithium-containing com-
posite oxide was obtained by taking a sample from the
lithium-containing composite oxide, extracting the residual
washing solution 1n the sample with the use of an organic
solvent, and calculating it based on the result of measurement
by gas chromatography.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, .,Co, ,sAl, ,5O,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um.

(2) Production of Positive Electrode

A positive electrode material mixture paste was prepared
by stirring 1 kg of the lithtum-containing composite oxide
powder obtained 1n (1) above, 0.5 kg of an NMP solution
containing polyvinylidene fluoride (PVDF)(available from
Kureha Chemical Industry Co., Ltd., #1320, solid concentra-
tion: 12 wt %), 40 g of acetylene black and an appropnate

amount of NMP 1n a double arm kneader at a temperature of
30° C., for 30 minutes.

Next, the obtained positive electrode material mixture
paste was applied onto both surfaces of a 20 um thick alumi-
num foil as a current collector, and dried at 120° C. for 15
minutes. Then, the current collector was pressed using a roll
press such that the total thickness of the positive electrode, or
in other words, the total of the thickness of the current col-
lector and the thickness of the layers made of the positive
clectrode material mixture paste was 160 um. The diameter of
apair of rollers of the roll press was setto 40 cm, and the linear
pressure indicating a pressure during pressing was set to
10000 N/cm.

The thus-obtained positive electrode was cut into a suitable
s1ze that could be 1nserted 1into a prismatic battery case with a
height of 50 mm, a width of 34 mm and a thickness of 5 mm.
A positive electrode lead was attached to a part of the positive
clectrode. The preparation of the positive electrode material
mixture paste, the application of the positive electrode mate-
rial mixture paste onto the current collector and the shaping of
the positive electrode were all performed 1n an environment in
which the dew point was maintained at —30° C. or less.

(3) Production of Negative Electrode

A negative electrode material mixture paste was prepared
by stirring 3 kg of artificial graphite, 200 g of an aqueous
dispersion containing modified styrene-butadiene rubber
(available from Zeon Corporation, Japan, BM-400B, solids
content: 40 wt %), 50 g of carboxymethyl cellulose and an
appropriate amount of water 1n a double arm kneader.

Next, the obtained negative electrode material mixture
paste was applied onto both surfaces of a 12 um thick copper
fo1l as a current collector, and dried at 120° C. Then, the
current collector was drawn using a roll press such that the
total thickness of the negative electrode, or 1n other words, the
total of the thickness of the current collector and the thickness
of the layers made of the negative electrode material mixture
paste was 160 um.

The thus-obtained negative electrode was cut 1nto a suit-
able si1ze that can be inserted 1into a prismatic battery case with
a height of 50 mm, a width o1 34 mm and a thickness of 5 mm.
A negative electrode lead was attached to a part of the nega-
tive electrode.
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(4) Preparation of Non-Aqueous Electrolyte

A non-aqueous solvent was prepared by mixing ethylene
carbonate and dimethyl carbonate at a volume ratio of 1:3.
L1PF ; was dissolved 1n the non-aqueous solvent to obtain a
non-aqueous electrolyte with a LiPF, concentration of 1.4
mol/dm”>. Then, in order to enhance the charge/discharge
eificiency of the battery, vinylene carbonate as an additive
was added to the non-aqueous electrolyte. The vinylene car-
bonate content was adjusted to 5 wt % of the entire non-
aqueous solvent.

(5) Production of Non-Aqueous Secondary Battery

A prismatic non-aqueous secondary battery as shown 1n
FIG. 1 was produced by using the positive electrode having a
positive electrode lead, the negative electrode having a nega-
tive electrode lead and the non-aqueous electrolyte that were
obtained in the above (2) to (4), and a composite film of
polyethylene and polypropylene (available from Celgard
Inc., product number: 2300, thickness: 25 um) as a separator.

The thus-obtained non-aqueous secondary battery was a
prismatic battery with a height of 50 mm, a width of 34 mm
and a thickness 5 mm, and had a design capacity of 900 mAh.

Examples 2 to 13

A Iithium-containing composite oxide and a non-aqueous
secondary battery were produced in the same manner as 1n
EXAMPLE 1, except that, instead of NMP, N-methyl forma-
mide (EXAMPLE 2), N-methyl acetamide (EXAMPLE 3),
N-methyl propionamide (EXAMPLE 4), N ,N-dimethyl for-
mamide (EXAMPLE 5), N-cyclohexyl pyrrolidone (EX-
AMPLE 6), N-dimethylimidazolidinone (DMI, EXAMPLE
7), N,N'-dimethy] propylene urea (EXAMPLE 8), dimethyl-
sulfoxide (DMSO, EXAMPLE 9), suliolane (EXAMPLE
10), acetonitrile (EXAMPLE 11), propylene carbonate (EX-

AMPLE 12) or dioxane (EXAMPLE 13) was used as a wash-
ing solution 1n an amount of 1000 mL.

Comparative Example 1

A Iithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as 1n
EXAMPLE 1, except that the operation of stirring a lithium-
containing composite oxide and a washing solution 1n a stirrer
and the operation of filtration and drying under a reduced
pressure after the stirring process were not performed.

Comparative Examples 2 and 3

A lIithium-containing composite oxide and a non-aqueous

secondary battery were produced in the same manner as 1n
EXAMPLE 1, except that, instead of NMP, water (COM-

PARATIVE JXAMPLE 2) or acetone (COMPARATIVE
EXAMPLE 3)was used as a washing solution in an amount of
1000 mL.

Example 14

100 g of a lithium-containing composite oxide represented
by a composition formula: LiN1, 4,Co, Al 550,, and 1000
mlL of NMP were stirred 1n a stirrer for one hour. After
stirring, the washing solution was removed through filtration,
and adjustment was made such that the solids content was 95
wt % or more. Then, the lithium-containing composite oxide
from which the washing solution had been removed was
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placed 1n a double arm kneader together with 6 g of powdered
PVDF (available from Kureha Chemical Industry Co., Ltd.),
40 g of acetylene black and an appropriate amount of NMP,
and stirred at a treatment temperature of 30° C. for 30 min-
utes. In this manner, a positive electrode material mixture
paste was prepared. A non-aqueous secondary battery was
produced 1n the same manner as in EXAMPLE 1, except that
the thus-obtained positive electrode material mixture paste
was used.

Example 15

A saturated aqueous solution was prepared by adding
cobalt sulfate and manganese sulfate to an aqueous solution
of nickel sulfate. The ratio of nickel, cobalt and manganese
contained 1n the saturated aqueous solution, as expressed 1n
moles of the elements, was adjusted to 50:20:30. Subse-
quently, sodium hydroxide was added to the saturated aque-
ous solution to neutralize the solution, thereby generating an
N1, <,Coq 5oMn, ;o(OH), precipitate as a ternary hydroxide.
The obtained precipitation product was filtered, washed with
water, and dried at 80° C.

Next, the ternary hydroxide was heated at 600° C. 1n the air
for 10 hours to obtain N1, -,Co,, ,,Mn, 55O as a ternary oxide.
Furthermore, lithium hydroxide was added to the ternary
oxide, and 1t was baked at 800° C. 1n an air flow for 10 hours

so as to obtain a lithium-containing composite oxide
(L1N1, ;,Co, ,oMn, ;,0,) as a baked product. The obtained
lithium-containing composite oxide 1ncluded lithium
hydroxide and lithium carbonate. The obtained lithium-con-
taining composite oxide was then pulverized and adjusted so
as to have an average particle size of 20 um.

Next, 100 g of the obtained lithium-containing composite
oxide powder and 1000 mL of NMP were stirred 1n a stirrer
for one hour. After stirring, the washing solution was removed
through filtration, adjustment was made such that the solids
content was 98 wt % or more, and then the washing solution
was further removed by drying under a reduced pressure. The
degree of drying under a reduced pressure was adjusted to be
the same as that of EXAMPLE 1.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiNi, ,Co, ,oMn, 3,0,. The particle size of
the lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as i EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active material.

Examples 16 and 17

A lithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as in
EXAMPLE 15, except that, mnstead of NMP, DMI (EX-
AMPLE 16) or DMSO (EXAMPLE 17) was used as a wash-
ing solution 1 an amount of 1000 mL.

Comparative Example 4

A lithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as in
EXAMPLE 15, except that the operation of stirring a lithium-
containing composite oxide and a washing solution in a stirrer
and the operation of filtration and drying under a reduced
pressure aiter the stirring process were not performed.
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Comparative Examples 5 and 6

A Iithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as in
EXAMPLE 15, except that, instead of NMP, water (COM-
PARATIVE EXAMPLE 5) or acetone (COMPARATIVE

EXAMPLE 6)was used as a washing solution in an amount of
1000 mL.

Example 18

A saturated aqueous solution was prepared by adding
cobalt sulfate and manganese sulfate to an aqueous solution
ol nickel sulfate. The ratio of nickel, cobalt and manganese
contained 1n the saturated aqueous solution, as expressed 1n
moles of the elements, was adjusted to 1:1:1. Subsequently,
sodium hydroxide was added to the saturated aqueous solu-
tion to neutralize the solution, thereby generating an Ni, 4
Co,,.Mn,,,(OH), precipitate as a ternary hydroxide. The
obtained precipitation product was filtered, washed with
water, and dried at 80° C.

Next, the ternary hydroxide was heated at 600° C. 1n the air
tor 10 hours to obtain Ni, ,,Co, ,.Mn, ;O as a ternary oxide.
Furthermore, lithium hydroxide was added to the ternary
oxide, and 1t was baked at 800° C. 1n an oxygen flow for 10
hours so as to obtain a lithium-containing composite oxide
(LiNi, ,Co, ,.Mn, ,;O,) as a baked product. The obtained
lithium-containing composite oxide 1ncluded lithium
hydroxide and lithium carbonate. The obtained lithium-con-
taining composite oxide was then pulverized and adjusted so
as to have an average particle size of 20 um.

Next, 100 g of the obtained lithium-containing composite
oxide powder and 1000 mL of NMP were stirred 1n a stirrer
for one hour. After stirring, the washing solution was removed
through filtration, adjustment was made such that the solids
content was 98 wt % or more, and then the washing solution
was further removed by drying under a reduced pressure. The
degree of drying under a reduced pressure was adjusted to be
the same as that of EXAMPLE 1.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiNi, ;,Co,,.Mn, ,,O,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as in EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active matenal.

Examples 19 and 20

A lIithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as 1n

EXAMPLE 18, except that, mstead of NMP, DMI (EX-
AMPLE 19) or DMSO (EXAMPLE 20) was used as a wash-

ing solution 1n an amount of 1000 mL.

Comparative Example 7

A Iithium-containing composite oxide and a non-aqueous

secondary battery were produced 1n the same manner as 1n
EXAMPLE 18, except that the operation of stirring a lithium-

containing composite oxide and a washing solution 1n a stirrer
and the operation of filtration and drying under a reduced
pressure aiter the stirring process were not performed.

Comparative Examples 8 and 9

A Iithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as 1n
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EXAMPLE 18, except that, instead of NMP, water (COM -
PARATIVE EXAMPLE 8) or acetone (COMPARATIVE
EXAMPLE 9)was used as a washing solution in an amount of

1000 mL..

Example 21

[L10OH and y-Mn,O; were mixed such that L1 and Mn had an

equal number of moles, and the mixture was baked at 750° C.
in an air flow for 12 hours so as to obtain a lithtum-containing
composite oxide (LiMnQO, ) as a baked product. The obtained
lithium-containing composite oxide 1ncluded lithium
hydroxide and lithium carbonate. The obtained lithium-con-
taining composite oxide was then pulverized and adjusted so
as to have an average particle size of 20 um.

Next, 100 g of the obtained lithium-containing composite
oxide powder and 1000 mL of NMP were stirred 1n a stirrer
for one hour. After stirring, the washing solution was removed
through filtration, adjustment was made such that the solids
content was 98 wt % or more, and then the washing solution
was further removed by drying under a reduced pressure. The
degree of drying under a reduced pressure was adjusted to be
the same as that of EXAMPLE 1.

After that, sizing was performed to obtain a lithtum-con-
taining composite oxide powder represented by a composi-
tion formula: LiMnQO,. The particle size of the lithium-con-
taining composite oxide powder was adjusted such that the
average particle size after sizing was 20 um. A non-aqueous
secondary battery was produced in the same manner as in
EXAMPLE 1, except that the thus-obtained lithium-contain-
ing composite oxide was used as a positive electrode active
material.

Examples 22 and 23

A lithtum-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as in
EXAMPLE 21, except that, mstead of NMP, DMI (EX-
AMPLE 22) or DMSO (EXAMPLE 23) was used as a wash-
ing solution 1 an amount of 1000 mL.

Comparative Example 10

A lithium-containing composite oxide and a non-aqueous
secondary battery was produced in the same manner as in
EXAMPLE 21, except that the operation of stirring a lithium-
containing composite oxide and a washing solution in a stirrer
and the operation of filtration and drying under a reduced
pressure after the stirring process were not performed.

Comparative Examples 11 and 12

A lithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as in
EXAMPLE 21, except that, instead of NMP, water (COM -
PARATIVE EXAMPLE 11) or acetone (COMPARATIVE
EXAMPLE 12) was used as a washing solution 1n an amount
of 1000 mL.

Example 24

L1,Co, and Co,0, were mixed such that L1 and Co had an
equal number of moles, and the mixture was baked at 900° C.
in an air tlow for 10 hours so as to obtain a lithtum-containing
composite oxide (LL1C0Q,) as a baked product. The obtained
lithium-containing composite oxide 1ncluded lithium
hydroxide and lithium carbonate. The obtained lithium-con-
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taining composite oxide was then pulverized and adjusted so
as to have an average particle size of 20 um.

Next, 100 g of the obtained lithium-containing composite
oxide powder and 1000 mL of NMP were stirred 1n a stirrer
for one hour. After stirring, the washing solution was removed
through filtration, adjustment was made such that the solids
content was 98 wt % or more, and then the washing solution
was further removed by drying under a reduced pressure. The

degree of drying under a reduced pressure was adjusted to be
the same as that of EXAMPLE 1.

After that, sizing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: L1CoQO,. The particle size of the lithium-con-
taining composite oxide powder was adjusted such that the
average particle size after sizing was 20 um. A non-aqueous
secondary battery was produced 1n the same manner as in
EXAMPLE 1, except that the thus-obtained lithium-contain-
ing composite oxide was used as a positive electrode active
materal.

Examples 25 and 26

A Iithium-containing composite oxide and a non-aqueous

secondary battery were produced 1n the same manner as in
EXAMPLE 24, except that, mstead of NMP, DMI (EX-

AMPLE 235) or DMSO (EXAMPLE 26) was used as a wash-
ing solution 1 an amount of 1000 mL.

Comparative Example 13

A Iithium-containing composite oxide and a non-aqueous
secondary battery were produced in the same manner as 1n
EXAMPLE 24, except that the operation of stirring a lithium-
containing composite oxide and a washing solution 1n a stirrer
and the operation of filtration and drying under a reduced
pressure aiter the stirring process were not performed.

Comparative Examples 14 and 15

A Iithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as 1n
EXAMPLE 24, except that, instead of NMP, water (COM-
PARATIVE EXAMPLE 14) or acetone (COMPARATIVE

EXAMPLE 13) was used as a washing solution 1n an amount
of 1000 mL.

Example 27

A saturated aqueous solution was prepared by adding mag-
nesium sulfate to an aqueous solution of cobalt sulfate. The
ratio of cobalt and manganese contained in the saturated
aqueous solution, as expressed 1n moles, was adjusted to 98:2.
Subsequently, sodium hydroxide was added to the saturated
aqueous solution to neutralize the solution, thereby generat-
ing a Co, Mg, 5,(OH), precipitate as a binary hydroxide.
The obtained precipitation product was filtered, washed with
water, and dried at 80° C.

Next, the binary hydroxide was heated at 600° C. 1n the air
for 10 hours to obtain Co, ;sMg, 5,0 which was a binary
oxide. Furthermore, lithium hydroxide was added to the
binary oxide, and 1t was baked at 1000° C. 1n an air flow for 10
hours so as to obtain a lithium-containing composite oxide
(L1Co, osMg, ,,0,) as a baked product. The obtained
lithium-containing composite oxide 1ncluded lithium
hydroxide and lithtum carbonate. The obtained lithium-con-
taining composite oxide was then pulverized and adjusted so
as to have an average particle size of 20 um.
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Next, 100 g of the obtained lithium-containing composite
oxide powder and 1000 mL of NMP were stirred 1n a stirrer
for one hour. After stirring, the washing solution was removed
through filtration, adjustment was made such that the solids
content was 98 wt % or more, and then the washing solution
was further removed by drying under a reduced pressure. The
degree of drying under a reduced pressure was adjusted to be
the same as that of EXAMPLE 1.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: [1Co, ,sMg, ,,O,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A

non-aqueous secondary battery was produced in the same

manner as in EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active material.

Examples 28 and 29

A lithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as 1n
EXAMPLE 27, except that, mnstead of NMP, DMI (EX-
AMPLE 28) or DMSO (EXAMPLE 29) was used as a wash-
ing solution 1n an amount of 1000 mL.

Comparative Example 16

A lithium-containing composite oxide and a non-aqueous
secondary battery were produced in the same manner as in
EXAMPLE 27, except that the operation of stirring a lithium-
containing composite oxide and a washing solution in a stirrer
and the operation of filtration and drying under a reduced
pressure aiter the stirring process were not performed.

Comparative Examples 17 and 18

A lithium-containing composite oxide and a non-aqueous
secondary battery were produced 1n the same manner as in
EXAMPLE 27, except that, instead of NMP, water (COM -
PARATIVE EXAMPLE 17) or acetone (COMPARATIVE

EXAMPLE 18) was used as a washing solution 1n an amount
of 1000 mL.

Examples 30 and 31

A lithtum-containing, composite oxide
(L1N1, .,Cog 1sAly 0s0,) was produced in the same manner
as in EXAMPLE 1, except that, instead of the washing solu-
tion composed only of NMP, a solvent mixture (EXAMPLE
30) obtained by mixing NMP and water at a weight ratio of
80:20, or a solvent mixture (EXAMPLE 31) obtained by
mixing DMSO and water at a weight ratio of 80:20 was used
as a washing solution. A non-aqueous secondary battery was
produced 1n the same manner as in EXAMPLE 1, except that
the thus-obtained lithtum-containing composite oxide was
used as a positive electrode active material.

Examples 32 and 33

A lithtum-containing, composite oxide
(LiN1, ,Co, ~oMn, 3,0,) was produced 1n the same manner
as in EXAMPLE 15 (EXAMPLE 32), and a lithium-contain-

ing composite oxide (LiN1, ,Co, sMn, ,,O,) was produced 1n
the same manner as in EXAMPLE 18 (EXAMPLE 33),
except that, instead of the washing solution composed only of
NMP, a solvent mixture obtained by mixing NMP and water
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at a weight ratio of 80:20 was used as a washing solution. In
cach example, a non-aqueous secondary battery was pro-
duced 1n the same manner as in EXAMPLE 1, except that the
thus-obtained lithtum-containing composite oxide was used
as a positive electrode active material.

Examples 34 to 36

A lithium-contaiming composite oxide
(LiN1, ¢,Co, ,sAl, sO,) was produced 1n the same manner
as in EXAMPLE 21 (EXAMPLE 34), a lithtum-containing
composite oxide (LiNi, .,Co, ,,Mn, ;,0,) was produced 1n
the same manner as in EXAMPLE 24 (EXAMPLE 35), and a
lithium-containing composite oxide (LiNi, ,,Co,,,Mn,,;0,)
was produced in the same manner as in EXAMPLE 27 (EX-
AMPLE 36), except that, instead of the washing solution
composed only of NMP, a solvent mixture obtained by mix-
ing NMP and water at a weight ratio of 80:20 was used as a
washing solution. Furthermore, in each example, a non-aque-
ous secondary battery was produced 1n the same manner as 1n
EXAMPLE 1, except that the thus-obtained lithium-contain-
ing composite oxide was used as a positive electrode active
material.

Example 37

100 g of a lithium-contaiming composite oxide powder
represented by a composition formula, LiNi, .,Co, -
Al, ,50,, and 1000 mL of water were stirred 1n a stirrer for 15
minutes (water-washing step). After stirring, water was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then water was
turther removed by drying under a reduced pressure. Drying
under a reduced pressure was performed to the degree that the
amount of water remaining in the lithium-containing com-
posite oxide was 800 ppm or less.

Subsequently, 100 g of the lithium-containing composite
oxide that had been dried under a reduced pressure and 1000
mlL of NMP as a washing solution were stirred 1n a stirrer for
one hour (washing step). After stirring, the washing solution
was removed through filtration, adjustment was made such
that the solids content was 98 wt % or more, and then the
washing solution was further removed by drying under a
reduced pressure. Drying under a reduced pressure was per-
formed to the degree that the amount of washing solution
(NMP) remaining 1n the lithtum-containing composite oxide
was 300 ppm or less.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, ,,Co, ,sAl, 5sO,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as in EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active matenal.

Examples 38 to 42

As a lithium-contaiming composite oxide,
LiN1, .,Co, ,,Mn, ,,0, was used in EXAMPLE 38, LiN1i, ,,

Co, . Mn,,,0, was used mn EXAMPLE 39, LiMn,O, was
used in EXAMPLE 40, L1CoO.,, was used in EXAMPLE 41,
and L1Co, osMg, -0, was used in EXAMPLE 42.

In each example, a water-washing step, a washing step,
removal of a washing solution, drying under a reduced pres-
sure and si1zing were performed 1n the same manner as 1n
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EXAMPLE 37, except that the above lithium-containing
composite oxide was used. Furthermore, 1n each example, a
non-aqueous secondary battery was produced in the same
manner as i EXAMPLE 1, except that the thus-obtained

lithium-containing composite oxide was used as a positive
clectrode active material.

Example 43

100 g of a lithhum-containing composite oxide
(L1N1, 4,Co, Al 15O, ) powder obtained 1n the same man-
ner as in EXAMPLE 1 and 1000 mL of a solvent mixture
obtained by mixing NMP and water at a weight ratio of 20:80
as a first washing solution were stirred 1n a stirrer for 15
minutes (first washing step). After stirring, the first washing
solution was removed through filtration, adjustment was
made such that the solids content was 98 wt % or more, and
then the washing solution was further removed by drying
under a reduced pressure. Drying under a reduced pressure
was performed to the degree that the amount of the first
washing solution remaining in the lithium-containing com-
posite oxide was 800 ppm or less.

After the first washing step, 100 g of the lithium-containing
composite oxide that had been dried under a reduced pressure
and 1000 mL of a solvent mixture obtained by mixing NMP
and water at a weight ratio of 50:50 as a second washing
solution were stirred 1n a stirrer for one hour (second washing
step). Alter stirring, the second washing solution was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then the washing
solution was further removed by drying under a reduced
pressure.

Furthermore, after the second washing step, 100 g of the
lithium-containing composite oxide that had been dried under
areduced pressure and 1000 mL of a solvent mixture obtained
by mixing NMP and water at a weight ratio of 80:20 as a third
washing solution were stirred 1n a stirrer for one hour (third
washing step). After stirring, the third washing solution was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then the washing
solution was further removed by drying under a reduced
pressure. Drying under a reduced pressure was performed to
the degree that the amount of the third washing solution
remaining in the lithium-contaiming composite oxide was 300
ppm or less.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, 3,Co, (Al 5O,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as i EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active material.

Example 44

A lithtum-containing composite oxide
(L1N1, .,Cog, ;sAl 0:0,) powder obtained in the same man-
ner as in EXAMPLE 1 was subjected to a first washing step,
a second washing step and a third washing step 1n the same
manner as in EXAMPLE 43.

Furthermore, after the third washing step, 100 g of the
lithium-containing composite oxide that had been dried under
a reduced pressure and 1000 mL of NMP as a fourth washing
solution were stirred 1n a stirrer for one hour (fourth washing
step). After stirring, the washing solution was removed
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through filtration, adjustment was made such that the solids
content was 98 wt % or more, and then the washing solution

was further removed by drying under a reduced pressure.
Drying under a reduced pressure was performed to the degree
that the amount of the fourth washing solution remaining in
the lithium-containing composite oxide was 300 ppm or less.

After that, si1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, ;,Co, (s Alj sO,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as 1n EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active matenal.

Example 45

100 ¢ of a Ihthium-containing composite oxide
(LiN1, .Cog ;sAl, 050,) powder obtained in the same man-
ner as in EXAMPLE 1 and 1000 mL of water were stirred in
a stirrer for 15 minutes (water-washing step). After stirring,
water was removed through filtration, adjustment was made
such that the solids content was 98 wt % or more, and then
water was further removed by drying under a reduced pres-
sure. Drying under a reduced pressure was performed to the
degree that the amount of water remaining in the lithium-
containing composite oxide was 800 ppm or less.

After the water-washing step, 100 g of the lithtum-contain-
ing composite oxide that had been dried under a reduced
pressure and 1000 mL of a solvent mixture obtained by mix-
ing NMP and water at a weight ratio of 20:80 as a {irst
washing solution were stirred 1n a stirrer for one hour (first
washing step). After stirring, the first washing solution was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then the washing,
solution was further removed by drying under a reduced
pressure.

After the first washing step, 100 g of the lithium-containing
composite oxide that had been dried under a reduced pressure
and 1000 mL of a solvent mixture obtained by mixing NMP
and water at a weight ratio of 50:50 as a second was. _’ung
solution were stirred 1n a stirrer for one hour (second washing
step). After stirring, the second washing solution was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then the washing
solution was further removed by drying under a reduced
pressure.

After the second washing step, 100 g of the lithium-con-
taining composite oxide that had been dried under a reduced
pressure and 1000 mL of a solvent mixture obtained by mix-
ing NMP and water at a weight ratio of 80:20 as a third
washing solution were stirred 1n a stirrer for one hour (third
washing step). After stirring, the third washing solution was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then the washing
solution was further removed by drying under a reduced
pressure. Drying under a reduced pressure was performed to
the degree that the amount of the third washing solution
remaining in the lithium-contaiming composite oxide was 300
ppm or less.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, ;,Co, (Al 5O-. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
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manner as i EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active material.

Example 46

A lithtum-containing composite oxide
(L1N1, 4,Co, Al 15O, ) powder obtained 1n the same man-
ner as In EXAMPLE 1 was subjected to a water-washing step,
a first washing step, a second washing step and a third wash-
ing step 1n the same manner as in EXAMPLE 45.

After the third washing step, 100 g of the lithium-contain-
ing composite oxide that had been dried under a reduced
pressure and 1000 mL of NMP as a fourth washing solution
were stirred 1n a stirrer for one hour (fourth washing step).
After stirmng, the washing solution was removed through
filtration, adjustment was made such that the solids content
was 98 wt % or more, and then the washing solution was
turther removed by drying under a reduced pressure. Drying
under a reduced pressure was performed to the degree that the
amount of the fourth washing solution remaining in the
lithium-containing composite oxide was 300 ppm or less.

After that, sizing was performed to obtain a lithtum-con-
taining composite oxide powder represented by a composi-
tion formula: LiNi, 4,Co, ,sAl, :O,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as in EXAMPLE 1, except that the thus-obtained

lithium-containing composite oxide was used as a positive
clectrode active material.

Example 47

100 g of a lithhum-containing composite oxide
(L1N1, ¢,Cog sAl 0:0,) powder obtained in the same man-
ner as in EXAMPLE 1 and 1000 mL of water were stirred in
a stirrer for 15 minutes (water-washing step ).

After the water-washing step, water was removed through
filtration, and adjustment was made such that the solids con-
tent was 98 wt % or more. Then, 100 g (dnied weight) of the
filtered lithium-containing composite oxide and 1000 mL of
a solvent mixture obtained by mixing NMP and water at a
weight ratio of 20:80 as a first washing solution were stirred
in a stirrer for 15 minutes (first washing step). After stirring,
the first washing solution was removed through filtration, and
adjustment was made such that the solids content was 98 wt %
Or more.

Furthermore, 100 g (dried weight) of the filtered lithium-
containing composite oxide and 1000 mL of a solvent mixture
obtained by mixing NMP and water at a weight ratio of 50:50
as a second washing solution were stirred in a stirrer for 15
minutes (second washing step). After stirring, the second
washing solution was removed through filtration, and adjust-
ment was made such that the solids content was 98 wt % or
more.

Furthermore, 100 g (dried weight) of the filtered lithium-
containing composite oxide and 1000 mL of a solvent mixture
obtained by mixing NMP and water at a weight ratio of 80:20
as a third washing solution were stirred in a stirrer for 15
minutes (third washing step). After stirring, the third washing,

solution was removed through filtration, and adjustment was
made such that the solids content was 98 wt % or more.
Furthermore, 100 g (dried weight) of the filtered lithium-
containing composite oxide and 1000 mL of NMP as a fourth
washing solution were stirred 1 a stirrer for 15 minutes
(fourth washing step). After stirring, the fourth washing solu-




US 8,404,211 B2

27

tion was removed through filtration, adjustment was made
such that the solids content was 98 wt % or more, and then the

washing solution was further removed by drying under a
reduced pressure. Drying under a reduced pressure was per-
formed to the degree that the amount of the fourth washing
solution remaining 1n the lithium-containing composite oxide
was 300 ppm or less.

After that, si1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, 4,Co, ,sAl, O-. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as in EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active matenal.

In EXAMPLE 47, (a) the stirring time for which the
lithium-containing composite oxide and the water or washing
solution were stirred was set to 15 minutes 1n the water-
washing step and the respective washing steps, and (b) only
filtration was performed after the water-washing step as well
as the first to third washing steps, and then the next step was
performed without performing the process of removing water
or washing solution by drying under a reduced pressure.

EXAMPLE 47 1s the same as EXAMPLE 46 except for these
differences (a) and (b).

Example 48

100 g of a Ihthium-containing composite oxide
(LiN1, .Cog ;sAl, 150,) powder obtained in the same man-
ner as in EXAMPLE 1 and 1000 mL of a solvent mixture
obtained by mixing NMP and water at a weight ratio o1 80:20
as a first washing solution were stirred 1n a stirrer for 15
minutes (first washing step). After stirring, the first washing,
solution was removed through filtration, adjustment was
made such that the solids content was 98 wt % or more, and
then the washing solution was further removed by drying
under a reduced pressure. Drying under a reduced pressure
was performed to the degree that the amount of the first
washing solution remaining in the lithtum-containing com-
posite oxide was 800 ppm or less.

Subsequently, after the first washing step, 100 g of the
lithium-containing composite oxide that had been dried under
areduced pressure and 1000 mL of a solvent mixture obtained
by mixing NMP and water at a weight ratio of 50:30 as a
second washing solution were stirred 1n a stirrer for one hour
(second washing step). After stirring, the second washing
solution was removed through filtration, adjustment was
made such that the solids content was 98 wt % or more, and
then the washing solution was further removed by drying
under a reduced pressure.

Furthermore, after the second washing step, 100 g of the
lithium-containing composite oxide that had been dried under
areduced pressure and 1000 mL of a solvent mixture obtained
by mixing NMP and water at a weight ratio of 20:80 as a third
washing solution were stirred 1n a stirrer for one hour (third
washing step). After stirring, the third washing solution was
removed through filtration, adjustment was made such that
the solids content was 98 wt % or more, and then the washing
solution was further removed by drying under a reduced
pressure. Drying under a reduced pressure was performed to
the degree that the amount of the third washing solution
remaining in the lithium-contaiming composite oxide was 300
ppm or less.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-

10

15

20

25

30

35

40

45

50

55

60

65

28

tion formula: LiNi, 4,Co, ,sAl, :O-. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A

non-aqueous secondary battery was produced in the same
manner as i EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active material.

Example 49

100 ¢ of a lithhum-containing composite oxide
(L1N1, ,Co, ,sAl, ,50,) powder obtained 1n the same man-
ner as in EXAMPLE 1 and 1000 mL of a solvent mixture
obtained by mixing acetone and water at a weight ratio of
20:80 as a first washing solution were stirred 1n a stirrer for 15
minutes (first washing step). After stirring, the first washing,
solution was removed through filtration, adjustment was
made such that the solids content was 98 wt % or more, and
then the washing solution was further removed by drying
under a reduced pressure. Drying under a reduced pressure
was performed to the degree that the amount of the first
washing solution remaining in the lithtum-containing com-
posite oxide was 800 ppm or less.

Subsequently, after the first washing step, 100 g of the
lithium-containing composite oxide that had been dried under
areduced pressure and 1000 mL of a solvent mixture obtained
by mixing acetone and water at a weight ratio of 50:50 as a
second washing solution were stirred 1n a stirrer for one hour
(second washing step). After stirring, the second washing
solution was removed through filtration, adjustment was
made such that the solids content was 98 wt % or more, and
then the washing solution was further removed by drying
under a reduced pressure.

Furthermore, after the second washing step, 100 g of the
lithium-containing composite oxide that had been dried under
areduced pressure and 1000 mL of a solvent mixture obtained
by mixing acetone and water at a weight ratio of 80:20 as a
third washing solution were stirred 1n a stirrer for one hour
(third washing step). After stirring, the third washing solution
was removed through filtration, adjustment was made such
that the solids content was 98 wt % or more, and then the
washing solution was further removed by drying under a
reduced pressure. Drying under a reduced pressure was per-
formed to the degree that the amount of the third washing
solution remaining 1n the lithium-containing composite oxide
was 300 ppm or less.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, 3,Co, (Al 5O,. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as i EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active material.

Example 50

A lithtum-containing, composite oxide
(L1N1, .,Cog, ;sAl 0:0,) powder obtained in the same man-
ner as in EXAMPLE 1 was subjected to a first washing step,
a second washing step and a third washing step 1n the same
manner as in EXAMPLE 49.

After the third washing step, 100 g of the lithium-contain-
ing composite oxide that had been dried under a reduced
pressure and 1000 mL of acetone as a fourth washing solution
were stirred 1n a stirrer for one hour (fourth washing step).
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After stirring, the washing solution was removed through
filtration, adjustment was made such that the solids content
was 98 wt % or more, and then the washing solution was
turther removed by drying under a reduced pressure. Drying
under a reduced pressure was performed to the degree that the
amount of the fourth washing solution remaining in the
lithium-containing composite oxide was 300 ppm or less.

After that, s1zing was performed to obtain a lithium-con-
taining composite oxide powder represented by a composi-
tion formula: LiN1, ;,Co, (Al 5O-. The particle size of the
lithium-containing composite oxide powder was adjusted
such that the average particle size after sizing was 20 um. A
non-aqueous secondary battery was produced in the same
manner as i EXAMPLE 1, except that the thus-obtained
lithium-containing composite oxide was used as a positive
clectrode active matenal.
Evaluation of Physical Properties of Non-Aqueous Second-
ary Battery
(1) Cycle Test

Each of the non-aqueous secondary batteries obtained in
the above examples and comparative examples was charged
and discharged under the following conditions at an ambient
temperature of 45° C.

The battery was first subjected to constant voltage charging
at 4.2 V with amaximum current value o1 0.9 A. Charging was
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ended when the current value decreased to 50 mA. After that,
constant current discharging was performed at 0.9 A. Dis-
charging was ended when the voltage value decreased to 3.0
V. The interval between the charging process and the dis-
charging process was set to 30 minutes. This charge/dis-
charge cycle was taken as one cycle, and repeated 500 times.
Then, the rate of the discharge capacity at the 500th cycle to
the discharge capacity at the first cycle was calculated in
percent, and defined as the capacity retention rate (%).
(2) Measurement of Battery Thickness

After being subjected to the above cycle test (500 cycles),
cach of the non-aqueous secondary batteries obtained in the
above examples and comparative examples was allowed to
cool until the battery temperature reached 25° C. After cool-
ing, the battery thickness (mm) when the battery temperature
was 25° C. was measured, and 1t was compared with the
battery thickness before the cycle test.

The evaluation results are shown 1n Tables 1 to 8. In Tables
1 to 8, “Battery Thickness” indicates a thickness (mm) after
the cycle test, and “Amount of Change” indicates a value
(A/mm) obtained by subtracting a battery thickness before the
cycle test from a battery thickness after the cycle test. “Ac”

written 1n the “Washing Solution” column of Table 8 stands
for acetone.

TABLE 1

Physical Properties

Composition of Battery Thickness
Lithium Composite ((Amount of Capacity
Washing Solution Oxide Change)/mm) Retention Rate

EXAMPLE 1 NMP* LiNig ¢6C0q (sAly 050> 5.0 (A40.1) 75%
EXAMPLE 2 N-methyl formamide LiNig g6C0g (sAlg 950> 4.9 (A0.05) 76%
EXAMPLE 3 N-methyl acetamide LiNig 60C0q 15Alg sO5 4.9 (A0.0) T77%
EXAMPLE 4 N-methyl propionamide LiNig ¢6C0g (sAlp 050> 4.9 (40.0) 76%
EXAMPLE 5 N,N-dimethyl formamide LiNig g0C0g 1sAlg 050> 5.0 (A0.1) 76%
EXAMPLE 6 N-cyclohexyl pyrrolidone  LiNig ggC0g (sAlg 0sO> 4.9 (L40.0) 75%
EXAMPLE 7 DMI LiNig 50C0g 15Alg 0505 4.9 (A0.0) 75%
COMPARATIVE — LiNig ¢6C0q (sAly 050> 5.7 (A0.8) 55%
EXAMPLE 1
COMPARATIVE Water LiNig g0C0g 15Alg 050> 3.3 (A0.4) 57%
EXAMPLE 2
COMPARATIVE Acetone LiNig 50C0g 15Alg 0505 5.7 (A0.8) 55%
EXAMPLE 3

*EXAMPLE 1 and EXAMPLE 14 shown 1n Table 2 differ in the process after the washing step.

Composition of Battery Thickness
Lithium Composite ((Amount of Capacity
Washing Solution Oxide Change)/mm) Retention Rate

EXAMPLE R N,N'-dimethyl propylene urea LiNig ¢¢C0q (sAly 050> 4.9 (A0.0) 78%
EXAMPLE 9 DMSO LiNig 80C0g 15Alg 050> 5.0 (A40.1) 76%
EXAMPLE 10 Sulfolane LiNig ¢6C0g 15Al5 050> 5.0 (A0.1) 73%
EXAMPLE 11 Acetonitrile LiNig o6C0q (sAly 0505 5.0 (A0.1) 78%
EXAMPLE 12 Propylene carbonate LiNig ¢6C0g 1sAlp 050> 5.0 (A40.1) 77%
EXAMPLE 13 Dioxane LiNig 50C0g 15Alg 0505 4.9 (A0.0) 75%
EXAMPLE 14 NMP* LiNig g6C0g 15Alg 050> 4.9 (A0.0) 71%
COMPARATIVE — LiNig 60C0q 15Alg 0sO5 5.7 (A0.8) 55%
EXAMPLE 1
COMPARATIVE Water LiNig 50C00 15Alg 0505 5.3 (A0.4) 57%
EXAMPLE 2
COMPARATIVE Acetone LiNig ¢6C0q (sAly 050> 5.7 (A0.8) 55%
EXAMPLE 3

TABL.

L1l
o

Physical Properties

*EXAMPLE 14 and EXAMPLE 1 shown 1n Table 1 differ in the process after the washing step.
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Phvsical Properties

Composition of Battery Thickness
Lithium Composite ((Amount of Capacity
Washing Solution Oxide Change)/mm) Retention Rate
EXAMPLE 15 NMP LiNig 56C0g20M1g 300> 4.9 (A0.0) 81%
EXAMPLE 16 DMI LiNig 50C0g 5oMn 300, 4.9 (A0.0) 81%
EXAMPLE 17 DMSO LiNig 56C0020Mng 360> 4.9 (L40.0) 83%
COMPARATIVE — LiNig 50C0050Mng 300> 5.3 (A40.4) 61%
EXAMPLE 4
COMPARATIVE Water LiNig 56C0g50Mng 300, 5.2 (A0.3) 65%
EXAMPLE 5
COMPARATIVE Acetone LiNig 50C0020M1g 360> 5.3 (A40.4) 65%
EXAMPLE 6
EXAMPLE 18 NMP LiN1,,;Co,3Mn,,;0, 4.9 (A40.0) 82%
EXAMPLE 19 DMI LiNi;3Co,3Mn 305 4.9 (40.0) 81%
EXAMPLE 20 DMSO LiN1,3Co,3Mn 305 4.9 (A40.0) 82%
COMPARATIVE — LiNi3Co,3Mn 305 5.1 (A40.2) 61%
EXAMPLE 7
COMPARATIVE Water LiNi;3Co,3Mn 305 5.1 (40.2) 62%
EXAMPLE 8
COMPARATIVE Acetone LiNi;3Co,3Mn 305 5.1 (A40.2) 64%
EXAMPLE 9
TABLE 4
Physical Properties
Composition of Battery Thickness
Lithium Composite  ((Amount of Capacity
Washing Solution Oxide Change)/mm) Retention Rate
EXAMPLE 21 NMP LiMn-»O, 4.9 (A0.0) 77%
EXAMPLE 22 DMI LiMn,0, 4.9 (A0.0) 74%
EXAMPLE 23 DMSO LiMn-»O, 4.9 (A0.0) 74%
COMPARATIVE — LiMn->0, 5.1 (A40.2) 71%
EXAMPLE 10
COMPARATIVE Water LiMn->O, 5.2 (A40.3) 69%
EXAMPLE 11
COMPARATIVE Acetone LiMn->O, 5.2 (A40.3) 72%
EXAMPLE 12
EXAMPLE 24 NMP L1Co0O, 4.9 (A0.05) 81%
EXAMPLE 25 DMI L1Co0O, 4.9 (A0.05) 82%
EXAMPLE 26 DMSO L1Co0O, 4.9 (A0.05) 81%
COMPARATIVE — L1Co0O, 5.1 (A40.25) 75%
EXAMPLE 13
COMPARATIVE Water L1Co0O, 5.2 (A40.35) 73%
EXAMPLE 14
COMPARATIVE Acetone L1Co0O, 5.1 (A0.25) 72%
EXAMPLE 15
TABLE 3
Physical Properties
Composition of Battery thickness
Lithium Composite ((Amount of Capacity
Washing Solution Oxide Change)/mm) Retention Rate
EXAMPLE 27 NMP LiCog 0sMgy 050, 4.9 (A0.0) 81%
EXAMPLE 28 DMI LiCog9gMgs 0005 4.9 (A0.0) 81%
EXAMPLE 29 DMSO LiCog9gMgs 0005 4.9 (A0.0) 82%
COMPARATIVE — LiCog0sMg0 000> 5.1 (A0.2) 75%
EXAMPLE 16
COMPARATIVE Water LiCog gsMgy 050, 5.2 (A0.3) 70%
EXAMPLE 17
COMPARATIVE Acetone LiCog 0sMgy 050, 5.2 (A0.3) 76%

EXAMPLE 18




EXAMPLE 30
EXAMPLE 31
EXAMPLE 32
EXAMPLE 33
EXAMPLE 34
EXAMPLE 35
EXAMPLE 36

COMPARATIVE

EXAMPLE 2

COMPARATIVE

EXAMPLE 5

COMPARATIVE

EXAMPLE 8

COMPARATIVE

EXAMPLE 11

COMPARATIVE

EXAMPLE 14

COMPARATIVE

EXAMPLE 17

EXAMPLE 37
EXAMPLE 38
EXAMPLE 39
EXAMPLE 40
EXAMPLE 41
EXAMPLE 42

COMPARATIVE

EXAMPLE 2

COMPARATIVE

EXAMPLE 5

COMPARATIVE

EXAMPLE 8

COMPARATIVE

EXAMPLE 11

COMPARATIVE

EXAMPLE 14

COMPARATIVE

EXAMPLE 17

EXAMPLE 43

EXAMPLE 44

EXAMPLE 45
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Washing Solution

NMP + Water (80:20)
DMSO + Water (80:20)
NMP + Water (80:20)
NMP + Water (80:20)
NMP + Water (80:20)
NMP + Water (80:20)
NMP + Water (80:20)
Water

Water

US 8,404,211 B2

TABL.
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Composition of
Lithium Composite
Oxide

LiNig goC0g 1 5Alg 0502
LiNij g0C0g 1 5Alg 0505
LiNig 50C0¢ 20M1g 3605
LiNI1,,3CoysMn; 50,
LiMn,0O,

L1Co0,

LiCog gsMgp 020>

LiNig 50C0g, 154100502

LiNig 50C0¢.20M1g 3605

Phvsical Properties

Battery Thickness

((Amount of
Change)/mm)

5.0 (A0.1)
5.0 (A0.1)
4.9 (A0.0)
4.9 (A0.0)
4.9 (A0.0)
4.9 (A0.0)
4.9 (A0.0)
5.3 (A0.4)

5.2 (A0.3)

Water

Water

Water

Water

LiN1iy,3Coy,3Mn 305
LiMn,O,
L1CoOs5

Li1Cog ogMgg 0505

TABL.

(Ll
~J

5.1 (A0.2)
5.2 (A40.3)
5.2 (A0.35)

5.2 (A40.3)

Capacity
Retention Rate

81%
84%
85%
85%
81%
82%
81%
57%

65%

62%

69%

73%

70%

Physical Properties
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Physica.l Pmperties

Battery
Washing Solution Thickness
Water-Washing Washing Composition of Lithium ((Amount of Capacity
Step Step  Composite Oxide Change)/mm) Retention Rate
Water NMP  LiNig g6C0g 15Al0 0505 4.9 40.0) 78%
Water NMP  LiNig 56C0650Mng 3005 4.9 A40.0) 81%
Water NMP  LiNi1;3Co;,;3Mn 5,0, 4.940.0) 82%
Water NMP LiMn,O, 4.9 40.0) 80%
Water NMP LiCoO, 4.9 40.0) 83%
Water NMP  LiCo, geMgs 0505 4.9 40.0) 81%
Water — LiNig s0C0g 154Al5 6505 5340.4) 57%
Water — LiNig 56C00 56Mng 3605 5.240.3) 65%
Water — LiN1i;3C0;,3Mn 30, 5.140.2) 62%
Water — LiMn,O, 5.240.3) 69%
Water — L1Co0O, 5.240.3) 73%
Water —  LiCog osMgg 050> 5.240.3) 70%
TABLE 8
Washing Solution
Water- 1st 2nd 3rd 4th
Washing  Washing Washing Washing Washing  Composition of
Step Solution Solution Solution Solution  Lithium Composite Oxide
- NMP + Water NMP + Water NMP + Water — LiNi1g ¢0C04 15415 0505
(20:80) (50:50) (80:20)
— NMP + Water NMP + Water NMP + Water NMP LiNig g6C0g 15Aln 6505
(20.80) (50:50) (80:20)
Water NMP + Water NMP + Water NMP + Water — LiNig g6C0g 15Alg 6505
(20:80) (50.50) (80:20)

Battery
Thickness Capacity
((Amount of  Retention
Change)/mm) Rate
5.0 A40.1) 80%
4.9 (40.0) 84%
4.9 (A40.0) 83%
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TABLE 8-continued

Washing Solution

Phvsical Properties

Water- st 2nd 3rd
Washing  Washing Washing Washing
Step Solution Solution Solution
EXAMPLE 46 Water NMP + Water NMP + Water NMP + Water
(20:80) (50:50) (80:20)
EXAMPLE 47% Water NMP + Water NMP + Water NMP + Water
—> (20:80) — (50:50) — (80:20) —
EXAMPLE 4% — NMP + Water NMP + Water NMP + Water
(80:20) (50:50) (20:80)
EXAMPLE 49 — Ac + Water Ac + Water Ac + Water
(20:80) (50:50) (80:20)
EXAMPLE 50 — Ac + Water Ac + Water Ac + Water
(20:80) (50:50) (80:20)
COMPARATIVE — — — —
EXAMPLE 1
COMPARATIVE Water — — —
EXAMPLE 2

Battery
4th Thickness Capacity
Washing  Composition of ((Amount of  Retention
Solution  Lithium Composite Oxide Change)/mm) Rate
NMP LiNig s0C0g 15AlG 0505 4.9 (A40.0) 86%
NMP LiNig s0C0g 15AlG 0505 4.9 (40.0) 82%
— LiNig s0C0g 15AlG 6505 4.9 (A40.0) 79%
— LiNig s0C0g 15AlG 6505 5.040.1) 75%
Ac LiNig 50C0g 15AlG 6505 5.0 (40.1) 80%
— LiNig g0C0g 15AlG 6505 5.7 (A40.8) 55%
— LiNig 50C0g 15AlG 6505 5.340.4) 57%

*EXAMPLES 46 and 47 differ in the process after the water-washing step and the process after the washing step using each washing solution.

In the results of the cycle test, a significant difference was
observed 1n cycle characteristics between the non-aqueous
secondary batteries obtained in EXAMPLES 1 to 50 and the
non-aqueous secondary batteries obtained in COMPARA -
TIVE EXAMPLES 1 to 18. Specifically, each of the non-

aqueous secondary batteries obtained in EXAMPLES 1 to 50
showed a small increase 1n battery thickness after the cycle
test, and a good capacity retention rate, because a water-
soluble polar aprotic solvent was used as a washing solution
for washing a lithium-contaiming composite oxide.

In EXAMPLE 1, the lithium-contaiming composite oxide
powder was analyzed by X-ray diffractometry before and
alter washing with NMP, and 1t was found that diffraction
peaks attributed to lithtum hydroxide and lithtum carbonate
contained 1n the lithium-containing composite oxide before
washing were not detected after washing. It was also found
from comparison with COMPARATIVE EXAMPLES 1to 3
that EXAMPLE 1 clearly exhibited an effect of suppressmg
battery thickness increase and an effect of improving cycle
characteristics.

It was also found that the water-soluble polar aprotic sol-
vents used in EXAMPLES 2 to 13 can remove lithium
hydroxide and lithtum carbonate and suppress gas generation
in the battery.

In EXAMPLE 14, after washing with NMP, the solvent
was removed until the solids content was 95%, a positive
clectrode material mixture paste was produced without fur-
ther removing the solvent, and a battery was produced using,
the positive electrode material mixture paste. In this case as
well, the effect of reducing the amount of gas generated was
obtained as in EXAMPLE 1 1n which the solvent was further
removed by drying. That 1s, 1t was found that 1t 1s possible to
suppress the regeneration of lithium hydroxide and lithium
carbonate even when the solvent 1s not removed completely.

From EXAMPLES 15 to 29, 1t was found that the action
and effect obtamned in EXAMPLES 1 to 13 1s also obtained
when various lithium-containing composite oxides are used.

From a comparison between EXAMPLE 30 and COM-

PARATIVE EXAMPLE 2, a comparison between
EXAMPLE 32 and COMPARATIVE EXAMPLE 3, a com-
parison between EXAMPLE 33 and COMPARATIVE
EXAMPLE 8, a comparison between EXAMPLE 34 and
COMPARATIVE EXAMPLE 11, a comparison between
EXAMPLE 35 and COMPARATIVj EXAMPLE 14, and a
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comparison between EXAMPLE 36 and COMPARATIVE
EXAMPLE 17, it was found that the amount of gas generated
during cycle testing 1s smaller 1n the examples in which the
lithium-containing composite oxide was washed with a
water-soluble polar aprotic solvent than 1n the comparative
examples 1n which the lithium-containing composite oxide
was washed with only water.

It was found from EXAMPLES 37 to 30 that it 1s possible
to suppress the amount of residual water 1n the active material
surface 1n the drying step, as well as the regeneration of
lithium hydroxide by proton exchange, by reducing the con-
centration of water in the washing solution as the number of
repetitions of the washing step increases.

When washing was performed with a mixed solution con-
taining 20 parts by weight of water and 80 parts by weight of
NMP as in EXAMPLES 30, 32 and 33, the amount of residual
water 1n the active matenal surface was smaller than when
washing was performed only with water as in COMPARA -
TIVE EXAMPLES 2, 5 and 8, from which 1t was found that
the regeneration of lithium hydroxide can be suppressed.

It was also found that the regeneration of lithium hydroxide
can be suppressed and the effect of reducing the amount of
gas generated can be obtained even when a solvent mixture of
water and a solvent other than NMP 1s used as in EXAMPLE
31.

Although the invention has been described 1n terms of the
presently preferred embodiments, it 1s to be understood that
such disclosure 1s not to be interpreted as limiting. Various
alterations and modifications will no doubt become apparent
to those skilled 1n the art to which the invention pertains, after
having read the above disclosure. Accordingly, 1t 1s intended
that the appended claims be interpreted as covering all alter-
ations and modifications as fall within the true spirit and
scope of the invention.

The mvention claimed 1s:
1. A method for producing a lithtum-containing composite
oxide represented by General Formula (1):

LixMyMe 1 —yOE +0 ( 1 )

where M represents at least one element selected from the
group consisting of N1, Co and Mn, Me represents a

metal element that 1s different from M, 0 represents a
deficitor excess of oxygen, —0.1=06=0.1,0.95=x=1.10
and 0.1=y=1, the method comprising the steps of:
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baking a lithtum compound and a compound that contains
M and Me to obtain a baked product; and

washing said baked product with a washing solution that
contains one or more water-soluble polar aprotic sol-
vents selected from the group consisting of water-
soluble polar aprotic solvents represented by the follow-
ing General Formulas (2) to (8):

(2)

(3)

(4)

(9)

(6)

(7)

(8)

(H2C)yy (CHyp),

O,

where R" and R” each independently represent a hydrogen
atom or an alkyl group having 1 to 3 carbon atoms, or R*
and R~ are bonded to each other and represent an alky-
lene group having 3 to 6 carbon atoms that forms a ring
with a nitrogen atom; R represents an alkyl group hav-
ing 1 to 3 carbon atoms or a cycloalkyl group having 4 to
7 carbon atoms; R* and R” each independently represent
a methyl group or an ethyl group; R® and R’ each inde-
pendently represent a methyl group or an ethyl group, or
R® and R’ are bonded to each other and represent an
alkylene group having 2 to 4 carbon atoms that forms a
ring with two nitrogen atoms and a carbonyl carbon; R®
and R” each independently represent a methyl group or
an ethyl group, or R® and R” are bonded to each other and
represent an alkylene group having 4 to 6 carbon atoms
that forms a ring with a sulfur element; R'"® andR' " each
independently represent a hydrogen atom, a methyl
group or an ethyl group; R'* represents an alkyl group
having 1 to 3 carbon atoms; R"® represents an alkylene
group having 2 to 4 carbon atoms; Z represents an oxy-
gen atom or a methylene group, and m and n each 1nde-
pendently represent an integer from 1 to 3.

2. The method for producing a lithium-containing compos-
ite oxide 1n accordance with claim 1, wherein said washing
solution comprises only a water-soluble polar aprotic solvent
selected from said group.

3. The method for producing a lithium-containing compos-
ite oxide 1n accordance with claim 1, wherein said washing
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solution 1s a solvent mixture of water and a water-soluble
polar aprotic solvent selected from said group.

4. The method for producing a lithtum-containing compos-
ite oxide 1n accordance with claim 1, wherein said water-
soluble polar aprotic solvent 1s N-methyl-2-pyrrolidone,
N-methyl formamide, N-methyl acetamide, N-methyl propi-
onamide, N,N-dimethyl formamide, N-cyclohexyl pyrroli-
done, N,N'-dimethylimidazolidinone, N,N'-dimethyl propy-
lene urea, dimethylsulfoxide, sulfolane, acetonitrile,
propylene carbonate or dioxane.

5. The method for producing a lithtum-containing compos-
ite oxide in accordance with claim 1, further comprising a
water-washing step of washing said baked product with water
betfore said washing step.

6. The method for producing a lithium-containing compos-
ite oxide 1n accordance with claim 1, wherein said compound
that contains elements represented by M and Me 1s a com-
pound containing nickel.

7. The method for producing a lithtum-containing compos-
ite oxide 1n accordance with claim 6, wherein said compound
containing nickel 1s an oxide or hydroxide containing nickel.

8. The method for producing a lithtum-containing compos-
ite oxide 1n accordance with claim 6, wherein said lithium
compound 1s lithium hydroxide or lithium carbonate.

9. The method for producing a lithtum-containing compos-
ite oxide 1n accordance with claim 1, wherein when said
washing step 1s repeated a plurality of times, where a number
of repetitions of said washing step 1s defined as n, where n 1s
an iteger equal to or greater than 2,

said washing step comprises:

a first washing step of washing said baked product obtained
in said baking step with a first washing solution that
comprises a solvent mixture of water and a water-
soluble polar aprotic solvent selected from said group;
and

an nth washing step of washing said baked product that has
been washed 1n an (n-1)th washing step with an nth
washing solution that comprises a solvent mixture of
water and a water-soluble polar aprotic solvent selected
from said group or that comprises only a water-soluble
polar aprotic solvent selected from said group, and

the water-soluble polar aprotic solvent content of said nth
washing solution 1s higher than the water-soluble polar
aprotic solvent content of an (n-1)th washing solution.

10. A method for producing a lithtum-containing compos-
ite oxide represented by General Formula (1):

(1)

where M represents at least one element selected from the
group consisting of N1, Co and Mn, Me represents a
metal element that 1s different from M, 0 represents a
deficitor excess of oxygen, —0.1=06=0.1,0.95=x=1.10
and 0.1=y=1, the method comprising the steps of:

baking a lithium compound and a compound that contains
M and Me to obtain a baked product; and

washing said baked product with a washing solution that
contains a water-soluble polar aprotic solvent,

wherein when said washing step comprises a plurality of
washing steps, where a number of repetitions of said
washing step 1s defined as n, where n 1s an 1integer equal
to or greater than 2,

said washing step comprises:

a first washing step of washing said baked product obtained
in said baking step with a first washing solution that
comprises a solvent mixture of water and a water-
soluble polar aprotic solvent; and

Li,M,Me;_,05,s




US 8,404,211 B2
39 40

an nth washing step of washing said baked product that has negative electrode that contains a negative electrode active
been washed in an (n-1)th washing step with an nth material, a separator that is interposed between said positive
washing solution that comprises a solvent mixture of electrode and said negative electrode, and a non-aqueous
water and a water-soluble polar aprotic solvent or that electrolyte,
coglprises only a water-soluble polar aprotic solvent, s wherein said positive electrode active material contains a
an

lithium-containing composite oxide produced by the
method for producing a lithtum-containing composite
oxide 1n accordance with claim 1.

the water-soluble polar aprotic solvent content of said nth
washing solution 1s higher than the water-soluble polar
aprotic solvent content of an (n-1)th washing solution.

11. A non-aqueous secondary battery comprising a positive
clectrode that contains a positive electrode active material, a S T
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